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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, DC 20460 

August 7, 2019 

Dear Registrant, 

OFFICE OF CHEMICAL SAFETY 
AND POLLUTION PREVENTION 

We are writing to you concerning label and labeling requirements for products that contain 
glyphosate. 

On July 7, 2017, California listed glyphosate as a substance under Proposition 65', based on the 
International Agency for Research on Cancer's (IARC's) classification of the pesticide as 
"probably carcinogenic to humans." EPA disagrees with IARC's assessment of glyphosate. 
EPA scientists have performed an independent evaluation of available data since the IARC 
classification to reexamine the carcinogenic potential of glyphosate and concluded that 
glyphosate is "not likely to be carcinogenic to humans." EPA considered a more extensive 
dataset than IARC, including studies submitted to support registration of glyphosate and studies 
identified by EPA in the open literature as part of a systematic review. For more detailed 
information on this evaluation, please see the 2017 Revised Glyphosate Issue Paper: Evaluation 
of Carcinogenic Potential'. Further, EPA's cancer classification is consistent with other 
international expert panels and regulatory authorities, including the Canadian Pest Management 
Regulatory Agency, Australian Pesticide and Veterinary Medicines Authority, European Food 
Safety Authority, European Chemicals Agency, German Federal Institute for Occupational 
Safety and Health, New Zealand Environmental Protection Authority, and the Food Safety 
Commission of Japan. 

On February 26, 2018, the United States District Court for the Eastern District of California 
issued a preliminary injunction enjoining California from enforcing the state warning 
requirements involving the pesticide glyphosate's carcinogenicity, in part on the basis that the 
required warning statement is false or misleading3. 

Given EPA's determination that glyphosate is "not likely to be carcinogenic to humans," EPA 
considers the Proposition 65 warning language based on the chemical glyphosate to constitute a 

false and misleading statement. As such, pesticide products bearing the Proposition 65 warning 
statement due to the presence of glyphosate are misbranded pursuant to section 2(q)( I )(A) of 
FIFRA and as such do not meet the requirements of FIFRA. In registering pesticides, EPA must 

determine that the labeling complies with the requirements of FIFRA including that the product 

' California's Safe Drinking Water and Toxic Enforcement Act of 1986 (also known as Proposition 65) requires 

businesses to inform Californians about significant exposures to chemicals that, under the terms of Proposition 65, 
are believed to cause cancer, birth defects or other reproductive harm. See California Office of Environmental 
Health Hazard Assessment, "Proposition 65," at htlps://oehhaxa.gov/proposition_65. 
2 ht s:'/www.reulationsJc7v/docLInent9D=Ep,\ IO-OPl'009-O36 073  

National Association of Wheat Growers et at v. Zeise, 309 F.Supp.3d 842 (E.D.CaI.) 
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not be misbranded. See FIFRA 3(c)(5)(B). Therefore, EPA will no longer approve labeling that 
includes the Proposition 65 warning statement for glyphosate-containing products. The warning 
statement must also be removed from all product labels where the only basis for the warning is 
glyphosate, and from any materials considered labeling under FIFRA for those products. 

For any pesticide product that currently contains Proposition 65 warning language exclusively on 
the basis that it contains glyphosate, EPA requests the submission of draft amended labeling that 
removes such language within ninety (90) days of the date of this letter. 

Sincerely, 

Michael L. G66T1TF. 
Director, Registration Division 
Office of Pesticide Programs 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF 
CHEMICAL SAFETY AND POLLUTION 

PREVENTION 

MAR 1 6 2017 

MEMORANDUM 

SUBJECT: Transmission of Meeting Minutes and Final Report of the December 13-16 2016 FIFR.A. 
SAP Meeting Held to Consider and Review Scientific Issues Associated with EPA s 
Evaluation of the Carcinogenic Potential of Glyphosate 

TO: Rick P. Keigwin, Jr. 
Acting Director 
Office Pesticides Programs 

FROM: 

THRU: 

Steven M. Knott, M.S. 
Acting Executive Secretary 
FIFRA SAP Staff 
Office of Science Coordination and Policy 

Stanley Barone, Ph.D. --;r;-1.NI. t .A/"'"~--- J 
Acting: Director ~~--. --~Q ,.._, - U 
Office of Science Coordination and Policy 

Please find attached the meeting minutes and final report of the December 13-16, 2016 Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) Scientific Advisory Panel (SAP) open public 
meeting held in Arlington, Virginia. This report addresses a set of scientific issues associated with EPA's 
evaluation of the carcinogenic potential of glyphosate. 
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NOTICE 

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), Scientific Advisory 
Panel (SAP) is a Federal advisory committee operating in accordance with the Federal Advisory 
Committee Act and established under the provisions of FIFRA as amended by the Food Quality 
Protection Act (FQPA) of 1996. The FIFRA SAP provides advice, information, and 
recommendations to the Agency Administrator on pesticides and pesticide-related issues 
regarding the impact of regulatory actions on health and the environment. The Panel serves as 
the primary scientific peer review mechanism of the Environmental Protection Agency (EPA), 
Office of Pesticide Programs (OPP) and is structured to provide balanced expert assessment of 
pesticide and pesticide-related matters facing the Agency. Food Quality Protection Act (FQPA) 
Science Review Board members serve the FIFRA SAP on an ad hoc basis to assist in reviews 
conducted by the Panel. These meeting minutes and final report have been written as part of the 
activities of the FIFRA SAP and represent the views and recommendations of the FIFRA SAP 
and do not necessarily represent the views and policies of the EPA, or of other agencies in the 
Executive Branch of the Federal government. Mention of trade names or commercial products 
does not constitute an endorsement or recommendation for use. The meeting minutes and final 
report do not create or confer legal rights or impose any legally binding requirements on the EPA 
or any party. In preparing the meeting minutes and final report, the FIFRA SAP carefully 
considered all information provided and presented by the EPA, as well as information presented 
in public comments. 

These meeting minutes and final report of the December 13-16, 2016 FIFRA SAP meeting 
held to consider and review scientific issues associated with EPA's evaluation of the 
carcinogenic potential of glyphosate were certified by James McManaman, Ph.D., FIFRA SAP 
Chair and Steven Knott, M.S., Designated Federal Official. The minutes and final report are 
publicly available on the SAP website (https://www.epa.gov/sap) under the heading of 
"Scientific Advisory Panel Meetings" and in the public e-docket, Docket Identification Number: 
EPA-HQ-OPP-2016-0385, accessible through the docket portal: https://w,vw.regulations.gov. 
Further information about FIFRA SAP reports and activities can be obtained from its website at 
https://www.epa.gov/sap. Interested persons are invited to contact Steven Knott, Designated 
Federal Official, via email at knott.steven@epa.gov. 
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TABLE OF ACRONYMS 

ACRONYMS DESCRIPTION 
AAF 2-Acetylaminoflourene 
AHS Agricultural Health Study 
AIDS Acquired Immunodeficiency Syndrome 
AOP Adverse Outcome Pathway 
ATS Academy of Toxicological Sciences 
BW Body Weight 

CASAC Clean Air Science Advisory Committee 
CDK Cyclin-dependent kinase 
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CNV Gene Copy Number Variation 

DABT Diplomate of the American Board of 
Toxicology 

DNA Deoxyribonucleic Acid 
EFSA European Food Safety Authority 

FACE Fellow of the American College of 
Epidemiology 

FAO Food and Agriculture Organization 
FDA Food and Drug Administration 

FIFRA Federal Insecticide, Fungicide, and 
Rodenticide Act 

FQPA Food Quality Protection Act of 1996 
FRSC Fellow of the Royal Society of Chemistry 
GM Genetically Modified 
HIV Human Immunodeficiency Virus 
HL Hodgkin's Lymphoma 

IARC International Agency for Research on Cancer 
IP Intraperitoneal 

JMPR Joint F AO/WHO Meeting on Pesticide 
Residues 

MM Multiple Myeloma 
MOA Mode of Action 

MRID EPA OPP Master Record Identification 
Number 

MTD Maximum Tolerated Dose 
NHL Non-Hodgkin's lymphoma 

NIOSH National Institute for Occupational Safety and 
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NRC National Research Council 
NTP National Toxicology Program 

OCSPP EPA Office of Chemical Safety and Pollution 
Prevention 
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ACRONYMS DESCRIPTION 

OECD Organization for Economic Cooperation and 
Development 

OPP Office of Pesticide Programs 
OR Odds Ratio 

OSHA Occupational Safety and Health 
Administration 

RR Relative Risk 
SAP FIFRA Scientific Advisory Panel 
SAS Statistical Analysis System 
SCE Sister Chromatid Exchanges 
USDA United States Department of Agriculture 

US EPA or EPA United States Environmental Protection 
Agency 

WHO World Health Organization 
8-0H-dG 8-hydroxy-2' -deoxyguanosine 
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INTRODUCTION 

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) Scientific Advisory 
Panel (SAP) has completed the meeting minutes and final report of the SAP meeting regarding 
scientific issues associated with EPA's evaluation of the carcinogenic potential of glyphosate. 
Advance notice of the SAP meeting was published in the Federal Register on July 26, 2016 (81 
FR 48794). 

Glyphosate is a non-selective, phosphonomethyl amino acid herbicide registered to control 
weeds in various agricultural and non-agricultural settings. Labeled uses of glyphosate include 
over 100 terrestrial food crops as well as other non-agricultural sites, such as greenhouses, 
aquatic areas, and residential areas. Use of glyphosate in the United States and globally has 
increased over time, particularly with the introduction of glyphosate-resistant crops; however, 
usage has stabilized in recent years due to the increased number of weed species becoming 
resistant to glyphosate. Glyphosate is currently undergoing Registration Review, which is a 
program where all registered pesticides are reviewed at least every 15 years as mandated by the 
Federal Insecticide, Fungicide, and Rodenticide Act. 

Recently, several international agencies have evaluated the carcinogenic potential of 
glyphosate. In March 2015, the International Agency for Research on Cancer (IARC), a 
subdivision of the World Health Organization (WHO), concluded that glyphosate was "probably 
carcinogenic to humans" (Group 2A). Later, in November 2015, the European Food Safety 
Authority (EFSA) concluded that glyphosate was unlikely to pose a carcinogenic hazard to 
humans. In May 2016, the Joint Food and Agriculture Organization (FAO) / WHO Meeting on 
Pesticide Residues (JMPR), another subdivision of the WHO, concluded that glyphosate was 
unlikely to pose a carcinogenic risk to humans from exposure through the diet. 

Recently, EPA collected and analyzed a substantial amount of data informing the 
carcinogenic potential of glyphosate and utilized its draft "Framework for Incorporating Human 
Epidemiological & Incident Data in Health Risk Assessment'' (EPA, 2010) to assess its potential 
carcinogenic hazard. The draft framework provides the foundation for evaluating multiple lines 
of scientific evidence and includes two key components: (i) Problem formulation and (ii) Use of 
the mode of action/adverse outcome pathway (MOA/AOP) frameworks. A comprehensive 
analysis of data on glyphosate from submitted guideline studies and the open literature was 
performed. This included epidemiological, animal carcinogenicity, genotoxicity, metabolism, and 
mechanistic studies. Guideline studies were collected for consideration from the toxicological 
databases for glyphosate and glyphosate salts. A fit-for-purpose systematic review was conducted 
to obtain relevant and appropriate open literature studies with the potential to inform the human 
carcinogenic potential of glyphosate. Furthermore, the list of studies obtained from the 
toxicological databases and systematic review was cross-referenced with recent internal reviews, 
review articles from the open literature, and international agency evaluations (i.e., IARC, EFSA, 
and JMPR). 

Available data from epidemiological, laboratory animal carcinogenicity, and genotoxicity 
studies were reviewed and evaluated for study quality and results to inform the human 
carcinogenic potential of glyphosate. Additionally, as described in the draft "Framework for 
Incorporating Human Epidemiological & Incident Data in Health Risk Assessment," the 
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multiple lines of evidence were integrated in a weight-of-evidence analysis using the modified 
Bradford Hill Criteria considering concepts such as strength of association, consistency of 
observations, dose response, temporal concordance, and biological plausibility. 

The focus of this SAP meeting was on soliciting advice from the Panel on the evaluation 
and interpretation of the available data for each line of evidence and the weight-of-evidence 
analysis, as well as how the available data inform cancer classification descriptors per the 
Agency's 2005 Guidelines for Carcinogen Risk Assessment. The Agency's evaluation is 
summarized in an Issue Paper entitled: Glyphosate Issue Paper: Evaluation of Carcinogenic 
Potential, EPA's Office of Pesticide Programs, September 12, 2016 (EPA, 2016a). 

During the FIFRA SAP meeting, US EPA personnel provided the following presentations 
(listed in order of presentation): 

Welcome and Opening Remarks-Jack Housenger, Director, Office of Pesticide Programs 

Introduction -Dana Vogel, Director, Health Effects Division, Office of Pesticide Programs 

Overview of Glyphosate Registration and Carcinogenic Potential Evaluation - Monique 
Perron, ScD, Health Effects Division, Office of Pesticide Programs 

Systematic Review and Data Collection Methods - Gregory Akerman, PhD, Health Effects 
Division, Office of Pesticide Programs 

Data Evaluation of Epidemiology Studies - Monique Perron, ScD, Health Effects Division, 
Office of Pesticide Programs 

Data Evaluation of Animal Carcinogenicity Studies - Anwar Dunbar, PhD, Health Effects 
Division, Office of Pesticide Programs 

Data Evaluation of Genetic Toxicity - Gregory Akerman, PhD, Health Effects Division, Office 
of Pesticide Programs 

Data Integration and Weight-of-evidence Analysis Across Multiple Lines of Evidence - 
Monique Perron, ScD, Health Effects Division, Office of Pesticide Programs 
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PUBLIC COMME NTS 

Oral statements: 

During the December 13-16, 2016 FIFRA SAP meeting, oral statements were provided by 
the following individuals and groups. 

1) Daniele Court-Marques, MSPS, on behalf of the European Food Safety Authority (EFSA) 

2) Lars Niemann, DVM, on behalf of the German Federal Institute for Risk Assessment (BfR.) 

3) Donna Farmer, PhD, Caroline Harris, PhD, John Acquavella, PhD, James Bus, PhD, Joe Haseman, 
PhD., David Kirkland, PhD, and Rick Reiss, PhD, on behalf of Monsanto Company 

4) James S. Bus PhD, DABT, Fellow ATS, on behalf ofNufarm Americas Inc. 

5) Amechi Chukwudebe, PhD, on behalf of BASF Corporation 

6) James S. Bus PhD, DABT, Fellow ATS, and Steven Levine, PhD, on behalf ofCropLife America 

7) Deborah Hommer, on behalf of Virginians for Medical Freedom 

8) Scott Slaughter, on behalf of the Center for Regulatory Effectiveness 

9) Sabitha Papineni, PhD, on behalf of Dow Agro Sciences 

10) Jacob Vukich, PhD, on behalf of DuPont Crop Protection 

11) Kevin Hoyer, on behalfofthe American Soybean Association 

12) Andy Hedgecock, on behalfofFMC Corporation 

13) Martin Barbre, on behalf of the National Corn Growers Association 

14) Amanda Starbuck, on behalfof Food and Water Watch 

15) Bill Freese, on behalf of the Center for Food Safety 

16) Robert Hamilton, PhD, on behalfof Sumitomo Chemical 

17) Montague Dixon, on behalf of Syngenta Crop Protection 

18) Michael Hansen, PhD, on behalf of Consumers Union 

19) Sheryl H. Kunickis, PhD, on behalfofthe US Department of Agriculture 

20) Laura E. Mayer, Marghi Barnes, and Kathy Blum, on behalf of Moms Across America 
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21) Reverend Billy Talen and Ms. Robin Laverne Wilson, on behalf of The Immediate Life Church 

22) Nichelle Harriott, PhD, on behalfof Beyond Pesticides 

23) Dalia Hashad, PhD, on behalfof Avaaz 

24) Peter Infante, DDS, DrPH, FACE, on behalf of himself 

25) David Spak, on behalf of Bayer Crop Science 

26) Alexis Baden-Mayer, Esq., on behalf of the Organic Consumers Association 

27) Luther Markwart, on behalf of the American Sugarbeet Growers Association 

28) James Barile, on behalf of the Natural Resources Defense Council 

Handouts provided by oral presenters are available in the public docket at 
https://www.regulations.gov, docket number EPA-HQ-OPP-2016-0385. 

Written statements: 

Numerous written public comments were submitted to the FIFRA SAP for the December 
13-16, 2016 meeting on EPA's evaluation of the carcinogenic potential of glyphosate. These 
documents are contained in over 350 docket entries and represent the comments of over 260,000 
individuals. These comments are available in the public docket at https://www.regulations.gov, 
docket number EPA-HQ-OPP-2016-0385. Appendix 1 contains a summary list of these docket 
entries. 
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EXECUTIVE SUMMARY 

US EPA presented a set of charge questions to the FIFRA SAP covering five broad aspects 
of the Agency's evaluation of the carcinogenic potential of glyphosate. The questions centered 
on: 

1) the completeness, transparency, and appropriateness of the Agency's methods to collect 
references for the evaluation; 

2) the epidemiological studies investigating the potential for associations between 
glyphosate exposure and cancer outcomes; 

3) the laboratory rodent carcinogenicity studies for glyphosate; 

4) assays investigating the genotoxic potential of glyphosate; and 

5) the completeness, transparency, and scientific quality of the Agency's characterization 
of the carcinogenic potential of glyphosate for humans. 

The completeness, transparency, and appropriateness of the Agency's methods to collect 
references for the evaluation 

The Panel found that EPA's literature review methods were in general transparent and 
appropriate. However, the Panel provided several recommendations for updated searches that 
would be more inclusive and capture more recent, relevant publications. In addition, the Panel 
recommended that the Issue Paper identify and discuss any rodent cancer bioassays of 
glyphosate-based formulations. Some members of the Panel proposed that searches of 
"glyphosate and immunotoxicity" and "non-Hodgkin's lymphoma (NHL) and farming" might be 
informative. Further, some members of the Panel noted that, since most of the glyphosate in 
commerce in the U.S. is supplied as the isopropylamine salt, it would be of interest to review 
whether isopropylamine per se or the glyphosate isoproylamine combination has been tested for 
carcinogenicity, mutagenicity, and immunotoxicity. 

Given the importance of epidemiologic data generated by the Agricultural Health Study 
(AHS), the Panel recommended that EPA contact the AHS investigators to determine whether 
updated data on incidence of non-Hodgkin's lymphoma (NHL) and other cancers are available. 
As was discussed at length during the Panel's deliberations, the relevant AHS publication (De 
Roos et al., 2005) has a limited follow-up period, and so is less informative than it might be were 
additional and more recent data from this important study-cohort available. 

One Panel member was concerned with regard to the sensitivity of the review process. The 
unusually low number of epidemiological studies identified through searches of PubMed.gov, 
Science Direct®, and Web of Science™ may indicate that EPA needs to utilize more 
comprehensive and sensitive techniques in conducting searches of the databases than has been 
employed to date. It is nonetheless likely that the Agency did identify all of the relevant papers 
by the combined methods of computerized searching and other means (such as from the 
reference lists of other relevant papers and reviews). 
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Some Panel members noted that it is important for the study selection process to involve 
multiple people independently selecting studies, scoring studies, and then to have a process to 
reach consensus regarding the selected studies. It was noted that this aspect of the process was 
not clearly described in the Issue Paper. 

Several Panel members noted that it would have been helpful if the Issue Paper had been 
easier to review. For EPA's Clean Air Science Advisory Committee (CASAC), the Agency 
produces technical documents for review with references linked using HERONET, a database 
which provides access to full scientific articles. A Panel member suggested that the Agency do 
the same for FIFRA-related Issue Papers. 

The epidemiological studies investigating the potential for an association between 
glyphosate exposure and cancer outcomes 

The Panel concluded that, overall, the Agency's review and evaluation chose relevant 
epidemiology studies that inform the assessment of the human carcinogenic potential of 
glyphosate. The Panel noted that EPA's continuing effort to incorporate human data into risk 
assessment is commendable. The Panel also found that EPA's evaluation of the epidemiologic 
studies used a sound, appropriate and acceptable approach, although how the individual study 
rankings were judged and ultimately how the final rankings incorporating subgroup rankings 
were determined were not always evident to the Panel without the Agency's explanation. In 
addition, some Panel members were concerned that important issues that affect the quality 
ranking of the Agricultural Health Study were not considered. The Panel observed that the 
agency correctly addressed the issue of both case-control and cohort studies having adequate 
latency periods as a validity criterion, and pointed out the difficulty of addressing this issue in 
the absence of reliable data on latency periods for the cancers of interest. However, Panelists had 
different opinions about the importance of considerations of latency in interpreting epidemiology 
results. 

The Panel recommended that the concept of realized study design should be incorporated 
into the evaluation of study design. In addition, some Panel members suggested that it may be 
useful to adopt a classification criterion that separates studies by their 1) design, 2) 
implementation (which includes consideration of issues such as attempts at full enrollment, 
completeness of questionnaire design, and completeness of collection of other data) and 3) data 
analyses characteristics. 

Panel members agreed that based on the evidence presented in the Issue Paper (EPA, 
2016a), Tables 3 .3 and 3 .4, there is no reliable evidence of an association between glyphosate 
exposure and any solid tumor, or between glyphosate exposure and leukemia or Hodgkin's 
lymphoma, even if the possibility that some of the studies reviewed were subject to potential 
biases is ignored (such as recall or measurement error bias). However, some Panel members also 
noted that the epidemiologic data are still limited, and that none of the studies is of glyphosate 
manufacturing workers or others who may be relatively highly exposed. This was felt to be a 
critical data-gap. 

The Panel also agreed with EPA that available studies do not link glyphosate exposure to 
multiple myeloma (MM). However, one Panel member noted that a recently published meta- 
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analysis (Chang and Delzell, 2016) reported a meta-estimate of the relative risk for the 
association between MM and glyphosate of 1.4 (with 95% CI of 1.0-1.9). Another panel 
member, however, noted that to the extent that the primary study results may be biased high, the 
meta-statistic will be similarly biased high. 

Some Panel members supported the Agency conclusion that "the association between 
glyphosate exposure and risk of NHL cannot be determined based on the available data," 
although for somewhat different reasons than provided by EPA. These Panelists believe that all 
the significant findings from three of five case-control studies and three meta-analyses were most 
likely a result ofrecall and other potential biases. Furthermore, the only study not subject to 
recall bias, the prospective cohort study (De Roos et al. 2005), did not show statistical evidence 
of a positive association. 

Some Panel members emphasized that, as EPA itself has estimated, all available 
epidemiologic studies of glyphosate-users are not really studies of glyphosate over-exposed 
workers. These Panel members believe this is a crucial point, and one more reason to doubt that 
the weakly positive NHL case-control study results are indicative of any genuine biological 
response due to glyphosate -- as opposed to countless other chemical, biological, 
microbiological, and antigenic factors associated with living or working on a farm. These Panel 
members noted that many epidemiological studies have reported farmers to be at increased risk 
of lymphoma (and sometimes leukemia), including decades before glyphosate was used. One 
Panel member expanded on this noting that while the Agency correctly considered whether 
studies had adjusted for exposure to other individual pesticides as one of the important criteria 
for quality assessment, it has not considered the equally important exposure to farm animals 
(cattle, pigs, sheep, poultry, etc.) that also needs to be adjusted for in determining the quality of 
epidemiological studies. These animal exposures involve exposure to oncogenic viruses present 
in the animals, and also to immune system stimulant endotoxins that are particularly of relevance 
for tumors of the hematopoietic and lymphatic systems, especially as their occurrences predate 
the introduction of glyphosate and some of the studies reviewed did show them as important risk 
factors. 

Other Panel members disagreed with the Agency's conclusion, emphasizing the value and 
importance of the findings reported from several dose-response analyses and meta-analyses. 
hese Panelists noted several considerations including that while the majority o the individual 

studies are not statistically significant, combining the results using meta-analysis shows a 
scientifically important and statistically significant elevated NHL risk that is relevant for 
understanding carcinogenic potential. It aQ eared to some Panel members that the Agency did 
not fully consider that the data could be suggestive of a lymphomagenic effect of glyphosate. In 
particular some PaneLmembers felt that EPA's discussion of the epidemiological evidence 
appeared to discount statistical findings and overemphasize non-statistical criteria. Thus, some 
Panel members believed that there is limited but suggestive evidence of a positive associatio 
between glyphosate exposure and risk of NHL. These panelists recommended that the Agency 
revise their conclusion to something along the lines of the following: 

"Based on the weight-of-evidence from epidemiological studies and meta-analyses, the 
Agency cannot exclude the possibility that observed positive associations between glyphosate 
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exposure and risk of NHL suggest human carcinogeni potential of glyphosate, even though 
study limitations and concerns about potential biases remain." 

Other Panel members, however, strongly disagreed with such a statement; they instead 
agreed with EPA that the positive associations with glyphosate reported in some retrospective 
case-control studies of NHL are (i) too weak and (ii) too likely to be confounded by other aspects 
of living or working on a farm to be properly considered even as suggestive - especially given 
the null results in the only available prospective cohort study of pesticide applicators. These 
panelists noted that if the reported odds-ratios and/or relative risks were instead (i) larger and 
more precise, and (ii) for some solid tumor-type not otherwise known to appear in excess in 
farmers, then they would be more persuaded that glyphosate possibly posed a cancer-risk. They 
also noted that if glyphosate, at the very small exposure levels actually received by farmers, were 
a bona fide human carcinogen, then the toxic potency of glyphosate in humans would have to be 
on the order of 100,000 times larger than it has proven to be in numerous studies using 
laboratory rodents. These panelists knew of no precedent for such a discrepancy - especially for 
a compound, such as glyphosate, that is (i) poorly absorbed, (ii) non-reactive per se, and (iii) not 
converted in vivo to reactive metabolites. 

Panel members noted that workers in companies that manufacture, formulate, or handle and 
sell glyphosate on a wholesale basis comprise a promising resource for epidemiologic study that 
should be investigated. One panel member noted that there are at least 15 companies that have 
registered glyphosate products with EPA and suggested that it is likely that large numbers of 
exposed workers (perhaps many more than those directly involved in manufacturing glyphosate) 
could be identified for cohort studies in companies involved in the formulation or wholesale 
handling and sale of glyphosate. 

The Panel also provided comments and recommendations regarding the specific criteria 
including study design, study power, statistical analysis, confounding, statistical bias, recall and 
selection bias. The Panel discussed at length the possibility that recall bias in retrospective case­ 
control studies can result in over-estimation of the risk of NHL associated with pesticide 
exposure. Some Panel members felt that key studies show evidence of recall bias, exacerbated in 
some cases by selection bias, and therefore these studies are not reliable for evaluating the 
carcinogenicity of glyphosate. Other panel members felt that the necessary data to appropriately 
evaluate whether recall bias is present or not in the reviewed studies are not available and, in any 
case, the potential for important impacts of recall bias on the findings could not be reliably 
separated from those of other potential biases. Another Panel member noted, however, that use 
of proxy respondents (as necessitated in all retrospective case-control studies when cases are 
deceased) has been shown to bias cancer risk-estimates above the null (sometimes substantially 
so), both for pesticides in general and for glyphosate in particular. 

The laboratory animal carcinogenicity studies for glyphosate 

EPA reviewed and analyzed the results of 15 rodent bioassays and concluded that the 
results as a whole do not indicate carcinogenicity of glyphosate. Some Panel members agreed 
with this conclusion, noting that the Issue Paper correctly finds the tumor-response data to be too 
inconsistent to be considered compound-related. Other Panel members interpreted the totality of 
the tumor data as supporting the hypothesis that glyphosate may cause the promotion or 
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progression of common spontaneous lesions. These Panel members argued that there is sufficient 
evidence to conclude that glyphosate is a weak rodent carcinogen and/or tumor promoter. The 
Panel noted that holistically interpreting results from 15 rodent cancer bioassays posed a unique 
challenge. 

Overall, the Panel was divided with regard to its interpretation of apparently conflicting 
evidence from the rodent bioassays of glyphosate. Some Panel members pointed out that true 
carcinogenic responses should be reproducible, and that the estimated positive results in some of 
the rodent bioassays of glyphosate were likely to be false positives. These Panelists focused on 
the lack of consistency among the responses across the entire, unusually large glyphosate 
database, and the fact that the number of significantly positive results in this large database was 
no greater than would be expected from random assignment of animals to dose groups. These 
Panelists also noted EPA's weight-of-evidence ignored the serious multiple comparison problem 
caused by focusing attention on the most extreme tumor responses without also explicitly noting 
the many negative dose-response relationships and other null results. 

Some Panel members felt that the Agency's weight-of-evidence evaluation gave excessive 
weight to several factors, including lack of monotonic dose response relationships, historical 
tumor rates, lack of statistical significance in pair-wise comparisons when there is a significant 
positive trend, and discounting results at exposures greater than the "limit dose" of 1,000 
mg/kg/day. Panelists who disagreed with the Agency's conclusions noted there was considerable 
heterogeneity between studies that needed to be taken into account. They recommended pooled 
analyses of multiple studies, within endpoint, gender, and species, as a valid approach to distill 
the evidence from multiple studies. In support of their conclusion they cited an example, 
provided in the public comments, of pooled analyses of several endpoints for most of the mouse 
studies. 

Some Panel.members felt that the Agency's discounting o statistically-significant trends 
based on the idea that they were not monotonically increasing was flawed. The Panel noted that a 
onotonic dose response relationship is not a criterion for a positive rodent response in the 

Agency's 2005 Guidelines for Carcinogen Risk Assessment. 

Overall, the Panel concluded that tlie PA evaluation does not appear to follow the EPA 
(2005) Cancer Guidelines in several ways" notably for use of historical control data and 
statistical testing requirements. Regarding historical controls, the Panel noted that the default 
pos-ition should be to not rely on historical control data except when concurrent controls yield 
clearly unreliable results. The Panel recommended that EPA articulate why historical control 
data were incorporated into some of its analyses and not in others. Regarding statistical testing 
requirements, the Panel noted that requiring a significant pairwise comparison corrected for the 
number of pair-wise tests in addition to a significant trend is neither consistent with the 2005 
Guidelines for Carcinogen Risk Assessment nor a conservative approach for public health 
protection. 

In the view of some.Panel.members, there are sufficient data to conclude glyphosate is a 
rodent carcinogen using the approaches recommended to interpret the biological significance of 
tumor responses in EPA' s 2005 Guidelines for Carcinogen Risk Assessment. However, other 
Panel members strongly disagreed with this conclusion finding no reliable and consistent 
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evidence that glyphosate induces or promotes tumors in laboratory rodents. Some Panel 
members also did not agree that applying a "conservative test" is necessarily an appropriate 
scientific goal when evaluating the potential carcinogenicity of glyphosate. Instead these Panel 
members recommended the standard scientific approach be followed whenever feasible (e.g., 
apply a decision rule that has a false positive rate equal to the standard rate of 5%). 

Tne anel concluded that the EPA needs to clarify its position on results from exposures 
that exceed 1,000 mg/kg/day (tfie imit dose). Panel members differed regarding the relevance 
and use ofresults above the "limit ose" for determining the carcinogenic potential of glyphosate 
for humans. Some Panel members felt that at high doses homeostatic mechanisms could be 
overwhelmed, so that results might not be relevant for the much lower levels of exposure 
experienced by people. Other Panelists noted that since glyphosate is so non-toxic, results at 
dose-rates that are several-fold larger than the limit dose of 1,000 mg/kg/day could indeed be 
relevant -- since such doses were still smaller than the maximally tolerated dose. Based on EPA 
(2005) Cancer Guidelines, some members of the Panel concluded it is questionable whether 
results from exposures greater than 1 000 mg/kg/day, but less than doses corresponding to 5% in 
diet, should be given less weight. Many members of the Panel conclu ea not considering or 
discounting tumor responses at doses that exceed 1,000/mg/kg/day is not consistent with either 
EPA (2005) Cancer Guidelines or standard ways in which bioassay results are typically 
interpreted. They oted that the limit dose is included in the guidelines as a design criterion and 
it is not advisable to exclude observed data post hoc from the analysis and interpretation of 
exr:1erimental results. 

Some Panel members agreed that it is important to control for multiple comparisons as 
described in the EPA Guidelines for Carcinogen Risk Assessment (a point noted in public 
comments as well), but felt that the Agency's specific technique for making this adjustment was 
flawed. These panelists made specific recommendations for improvements in the analysis. 

Other Panelists felt that a multiple comparisons adjustment was not appropriate for 
addressing the question of whether glyphosate has carcinogenic potential, asserting instead that 
compelling evidence of carcinogenicity for any tumor-type, regardless of replicability, suffices. 
These panelists felt that the appropriate method for combining evidence from multiple studies is 
to use pooled analysis or meta-analytical tools. 

Some Panel members believed that differences in study designs could explain some of the 
tumor response discrepancies, and that, overall, the rodent bioassay data were consistent with 
glyphosate acting as a weak tumor promoter. There has been no direct test of this hypothesis 
(such as in a standard initiation-promotion bioassay), and therefore other Panel members felt that 
such a conclusion was speculative and ignored the lack ofreproducibility. 

Assays investigating the genotoxic potential of glyphosate 

Panel members found that the Agency's overall weight-of-evidence and conclusion that 
there is no convincing evidence that glyphosate induces mutations in vivo via the oral route are 
sound. Areas of remaining uncertainty are related to the potential for glyphosate-induced 
inflammation and genotoxic effects secondary to toxicity caused by high dose exposures (i.e., 
glyphosate-induced inflammation, oxidative stress, 8-0H-dG, and sister chromatid exchanges or 

19 



SCE) and whether the glyphosate-containing formulations have genotoxic potential. In addition, 
one Panel member noted that none of the assays employed provides an unbiased (global) 
measure of small insertions, deletions and rearrangements, which can result in gene copy number 
variation (CNV) and recommended th.a this section of the Issue Paper be expanded to address 
this point. 

Panel members agreed that the review and evaluation process of genotoxicity studies is 
sufficient given the limits of the available assays, which are described in the report (first 
paragraph of section 5.1) as being sufficient to detect: "l) changes in single base pairs, partial, 
single or multiple genes, or chromosomes, 2) breaks in chromosomes that result in transmissible 
deletion, duplication or rearrangement of chromosome segments, and 3) mitotic recombination." 

Panel members also agreed that, in the determination of whether glyphosate is likely to be 
genotoxic in humans, the EPA document focuses appropriately on studies conducted in cultured 
mammalian cells and laboratory animal models. 

One Panel member encouraged the agency to consider two key human biomonitoring 
studies in their evaluation of genotoxicity, specifically studies by Bolognesi et al. (2009) and 
Koureas et al. (2014). 

A few Panel members commented that if glyphosate causes progression of spontaneously 
arising lesions (in cells carrying cancer driver mutations or other types of DNA damage), then 
humans may be at risk of glyphosate-induced carcinogenicity, and the longer human lifespan (as 
compared to rodents) is expected to contribute to the risk. Other members felt that such concerns 
were speculative. 

The completeness, transparency, and scientific quality of the Agency's characterization of 
the carcinogenic potential of glyphosate 

The Panel was asked to comment on the completeness, transparency, and scientific quality 
of the Agency's characterization of the carcinogenic potential of glyphosate as presented in the 
Issue Paper, paying attention to how the Agency uses the modified Bradford Hill criteria of 
strength of association, consistency, dose response, temporal concordance, and biological 
plausibility in its assessment. 

The Panel noted that the conclusion on glyphosate carcinogenicity offered in the Issue 
Paper has two parts. The first part is a hazard statement while the second part is a risk 
characterization statement. Since the Issue Paper is not a full risk assessment of technical 
glyphosate as outlined in the 2005 Guidelines for Carcinogen Risk Assessment, the Issue Paper 
conclusion was assessed by the Panel as a hazard statement. 

Completeness: The Panel concluded that the Issue Paper represents a comprehensive 
review of the available epidemiologic data, laboratory animal bioassay data, and genotoxicity 
data, but also noted some limitations. 

First, the epidemiologic data reviewed in the Issue Paper are limited to users of glyphosate­ 
based herbicides (such as farmers and other herbicide-applicators), but, as EPA estimates, 
exposures are fairly low - 0.03-7 mg/kg/day for the most highly exposed workers. Published 
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studies of potentially more highly exposed workers, such as those who manufacture, formulate or 
are involved in the wholesale handling or selling of glyphosate, are apparently not available. 

Second, because the central epidemiologic question with regard to glyphosate is whether its 
use is associated with risk of developing non-Hodgkin's lymphoma (NHL), some Panel members 
felt that the Issue Paper would benefit from a broader review of NHL risk-factors that have long 
been associated with farming. 

Third, the Issue Paper does not present potentially relevant data on isopropylamine, despite 
the fact that most glyphosate in use is as the isopropylamine salt. 

Transparency: The Panel found the Issue Paper to be reasonably transparent, although 
concern was expressed that some of the documents and data used by EPA in this assessment 
require special procedures for access and a few studies were not available to the Panel or the 
public. The Agency explained that FIFRA regulations are responsible for some of these 
limitations. Regardless, the Panel questioned whether the public could fully review and 
reproduce the conclusions reached by EPA. 

Scientific uality: The Panel felt that the scientific quality of the Issue Paper could be 
improved. Some Panel members pointed to insufficient study design details, incomplete 
discussions of data limitations, and use of assessment criteria that do not follow EPA (2005) 
Cancer Guidelines. Panel members noted that the health-effects database on glyphosate (from 
both toxicological and epidemiological studies) poses a somewhat unique challenge, but that the 
Agency could nonetheless improve upon the scientific quality of its weight-of-evidence 
approach. For example, several Panel members, and several public commenters, presented 
methods for formally and holistically assessing the results from the 15 or so laboratory rodent 
bioassays of glyphosate acid or glyphosate salts that could improve the Agency's approach. 

Dose-response and temporal concordance (Bradford Hill Criteria): A number of Panel 
members did not agree with how the Issue Paper weighed the epidemiological study findings, 
particularly for NHL, and were skeptical of the report's arguments leading to its conclusion of 
"no observed association." Not all Panel members agreed with the Issue Paper's conclusion that 
findings in rodent bioassays are not treatment-related. There was disagreement among the Panel 
members regarding which analyses/results constituted a significant finding and which instead 
were false positives. Som panelists disagreed wit! PA's assertion that monotonically 
increasing dose-response relationships were required in order for responses to be considered to 
be compound-related, and felt that the Agency could better explain its reliance on tumor 
responses in historical, as opposed to concurrent, control groups. The Panel's consensus was that 
the Issue Paper needs to refine and strengthen its arguments regarding the weight assigned to 
"limit dose" responses in the bioassays. The Panel agreed with the Issue Paper's conclusions 
regarding the lack of genotoxicity effects of glyphosate. 

Strength, consistency, and specificity (Bradford Hill Criteria): With regard to the 
epidemiologic findings, the Panel concurred with the Issue Paper's conclusions regarding solid 
tumors, leukemia, multiple myeloma and Hodgkin's lymphoma, but differed in their agreement 
with the Issue Paper's conclusions of no reliable relationship between glyphosate exposure and 
NHL. The roles and impacts ofrecall bias, selection bias, residual confounding by other farm 
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exposures, and reliability of the meta-analyses were all points of disagreement. Several Panel 
members noted that the epidemiologic database is unusually uninformative, in that (i) glyphosate 
based herbicide-users are not exposed to doses much larger than those ingested by many 
consumers via their diets, and (ii) the cancer-type that is weakly associated with glyphosate - 
NHL- has also been linked with farming for many decades, including before use of this 
herbicide. 

The Panel discussed at length the consistency, or lack thereof, of the laboratory rodent 
bioassay results. Some Panel members suggest that in evaluating the data from the rodent 
bioassays, dose-response modeling in a pooled analysis would provide a better basis for 
assessing the consistency and implications of the bioassay results. The current draft instead 
focuses on each bioassay individually, which obscures readers' abilities to judge whether results 
are consistent and likely to be compound-related. 

Biological plausibility and coherence (Bradford Hill Criteria): Some Panel members 
felt that the Issue Paper would benefit from a discussion of the hypothesis that glyphosate may 
be a weak cancer promoter and to explore the immunotoxicity of glyphosate; though not all 
Panel members felt that having a biologically plausible MOA is a necessary condition to 
classifying a substance as a carcinogen, as implied in the Issue Paper. The discussion should 
consider observations of glyphosate treatment-related increases in frequently occurring 
spontaneous tumors noted in primary study documents (Knezevich and Hogan 1983, Wood 
2009b), observations of treatment-related decreases in pre-neoplastic lesions concurrent with 
increases in tumor frequency in the same organ (Lankas 1981, Knezevich and Hogan, 1983), and 
significant increases in malignant tumors of treated male rats relative to controls across tumor 
sites (Atkinson 1993a), which suggest glyphosate may cause promotion or progression of 
spontaneous pre-neoplastic lesions (also see response to Charge Question 3d). 

Uncertainty (Bradford Hill Criterion): The Panel concluded that uncertainties in 
epidemiological and animal study evidence are well discussed in appropriate sections of the 
Issue Paper. Uncertainties identified in earlier sections of the Issue Paper, such as excluding 
formulations with glyphosate and the limitations regarding available pharmacokinetics data, 
should be expanded upon. Some Panel members noted that in the discussion of the epidemiology 
findings, the Issue Paper does not adequately assess the likely impacts of potential biases (such 
as recall and selection) and residual confounding on the odds ratio estimates or the problems that 
could bias the estimates obtained from the currently available results of the Agricultural Health 
Study. 

Evaluation and Proposed Conclusion: Using a weight-of-evidence approach, the Issue 
Paper concludes that glyphosate is "not likely to be carcinogenic to humans," especially at 
reasonably foreseeable dose-rates. Some Panel members agreed with this characterization, while 
other Panel members felt that the better descriptor for glyphosate is "suggestive evidence of 
carcinogenic potential." Many Panelists noted that crucial data were equivocal, and that 
additional data on cancer morbidity and/or mortality from studies of glyphosate-exposed workers 
would be desirable. 
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1. Glyphosate was oncogenic in male mice causing renal 
tubule adenomas, a rare t\.Unor, in a dose-related manner. 
The study is acceptable as core-minimum data. 

2. The information on the oncogenicity of glyphosate was 
evaluated by a Toxicology Branch AD Hoc Committee which 
concluded that this was an oncogenic response. A copy of 
the consensus report of the committee is attached. 

Review: 

1. A chronic feeding study of Glyphosate in mice (Biodynamics 
t BDN-77-4201 Project No. 77-2061; 7/21/83). 

Test Material: 

Glyphosate technical, purity= 99.71; fine, white clumped 
powder; lot nwnber, NB178260813; NB178261017. 

Groups of 50 male and 50 female randomized CD-1 mice, 
individually caged, were administered diets containing O, 
1000, 5000, and 30,000 ppm of test materiai for 24 months. 

Parameters evaluated were toxic signs, mortality, body 
weight, food consumption, water consumption and hematology at 
12, 18 and 24 months. 
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All animals were necropsied and selected organs were 
weighed. 'Tissues were stained in H and B and examined 
microscopically .. 

Statistical analyses of the data were performed .. 

Results: 

004310 

No treatment-related toxic signs were noted during the study .. 
Mortality was low during the first 18 :months of the study as 
shown in the table below as reported:: 

DOSE 

( ppm} 12 Mo 18 

0 9 12 

1,000 9 19 

5,000 7 14 

30,000 4 11 

Cumulative Mortality 

Males 

Mo 24 Mo 12 Mo 

30 3 

34 4 

33 l 

24 5 

Females 

18 Mo 24 Mo 

15 30 

16 38, 

e 23 

13 27 

Body weight was consistently decreased for males and to a 
lesser extent, females at the 30,000 ppm dosage level during 
the study at several sampling intervals. Changes in body 
weight at the low- and mid-dose group were variable and not 
dose-related,, 

Food consumption showed no compound-related or dose­
related effect. Hematological values although significant in 
some instances did not show a consistent dose-related response. 

Necropsy did not show treatement-related lesions .. There 
was good correlation between gross and :microscopic findings .. 
The relative and absolute weight of the testes and ovaries 
were increased in high dose males and females, but no 
histopathological finding was present as a underlying factor. 

Renal tubule adenomas occurred in male mice in the following 
manner as reported: 

Dose . (~pm) 0 1,000 5,000 30,000 -
Number examined 49 49 so 50 

Renal tubule adenoma 0 0 l J 
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They occurred in male mice 40291 4032 and 4041 of the high- , 
dose¥ and male 3023 of the mid-dose group and all were unilateraL, • ,, 

These tumors are ra:re, dose related and considered compound­
relatad. These tumors were present at terminal kill. 

Other neoplasmas were considered unrelated to treatment. 
No effect on latency was noted. 

Significant trends and significant high-dose effects were 
observed in non-neoplastic lesions. The lesions considered 
treatment-related were hepatccyte hypertrophy, central lobular 
hepatocyte necrosis, and chronic interstitial nephritis in 
hig'h-dose males and proximal tubule epithelial basopbilia and 
hypertrophy in high-dose females. 

The table below shows the incidence of these lesions as 
reported: 

Linear 
Control Low Mid Hi2h Trend 

Central lobular 
hepatocyte hypertrophy 

- males 9/49 5/50 3/50 17/50 
- females 3/49 5/50 5/50 l/49 

Central lobular hepatocyte 
necrosis 

- males 0/49 2/50 2/50 10/soa b 

- females 2/49 1/50 4/49 2/49 

Chronic interstitial 
nephritis 

- males 5/49 2/49 7/50 12/50 b 

- females 4/50 8/50 2/50 4/50 

Proximal tubule epithelial 
basophilia and hypertrophy 

- males 15/49 10/49 15/50 7/50 
- females 0/50 2/50 4/50 9/soa a 

astatistically significant increase compared to control (p<0.01) 
using the Chi-Square test (uncorrected for continuity). -

bstatistically significant linear trend (p<0.01) using the 
Cochran-Armitage teat. 

. 
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Conclusion: 

Glyphosate was oncogenic in male mice producing a dose­
related increased in renal tubule adenomas, a rare tumor. Dose­
related non-neoplastic lesions occurred in both sexes. The 
NOEL for systemic effects was 5000 ppm. At the LEL, 30,000 
ppm, there were increased hepatocyte hypertrophy, hepatocyte 
necrosis and interstitial nephritis in male mice and an 
increased incidence of proximal tubule epithelial basophilia 
and hypertrophy in female mice. Additionally, there were 
decreased body weights in male and female mice at 30,000 ppm 
which are considered compound-related. 

Classification: 

Core minimum data. 
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Review pathology report on additional kidney sections. 

Background: 

Glyphosate ~s considered oncogenic in male mice causing 
renal tubule adenomas, a rare tumor, in a dose-related manner. 
The incidence of this tumor was O, 0, 1, and 3 in the control, 
low-, mid-, and high-dose groups, respectively. 

Additional evalua~ion of all original renal sections 
identified a small renal tubular adenoma in one control male 
(animal No. 1028) which was not diagnosed as such in the 
original pathology report. · 

Subsequently, Toxicology Branch recommended that addi t _ional 
renal sections be cut and evaluated from all control and 
glyphosate treated male mice. 

This review contains the evaluation of the submitted 
results of the additiona~ sectioning and pathological data. 

' EXHIBIT 
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Conclusion: 

The results of the additional pathological evaluation on 
re-cut kidney sections in male mice demonstrated no additional 
tumors were present. The significance of this finding will 
be determined later by the Ad' Hoc committee. 

Review: 

1. The pathology report of additional kidney sections 
submitted hy the registrant (Monsanto) showed that the renal 
tubule adenoma incidence in male mice was as follows: 

3 
~ (ppm) 0 1000 5000 )f0,000 

Animal number 

Renal tubule 
adenoma 

""' 

0 

49 

0 

49 

3023 

l 

so 

4029,4032,4041 

3 

50 

The additional tumor in the control group which had been 
diagnosed from the re-evaluation of the original slides was 
not present in the re-cut kidney sect.ions. 

Toxicology Branch's pathologist (report attached) stated 
that the control tumor wdoes not represent a pathophyioloically 
significant changen. 

Statistical analysis of the tumor results showed no 
significant (P<0.05} difference in the incidence of renal 
tubule adenoma between control and treated groups .. 

However, the test for linear .trend in proportions resulted 
in a p=,0~016 which is statistically significant. 

According to the registrant's pathology report, non­
neoplastic kidney lesions didhnot reveal evidence of an 
ongoing chemically induced neprotoxicity. 
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Based on the original report and the new report, Toxicology 
Branch concludes that chronic interstitial nephritis occurred 
in compound-related manner in males at the high-dose as is 
shown below: 

Males (Chronic Interstitial Ne2hritis) 

3 
~ {ppm} 0 1000 5000 [Jo,ooo 
Incidence 

Ori2inal re2ort 5/49 2/49 7/50 12/50 

New re;eort 5/49 1/49 7/50 16/50 
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Guidance Document 

FP.01'1; 

TO: 

THRO: 

Caswell No.: 661A . 
TOX Br. Proj. No.: 7-0773 
Record No.: 1971S7-197162 

Wil).iaxn Dykstra /J~ J:1.,,,..,,~ 
Toxicology Branch "' - r I ;i,/ I Y/ ¥7 
Hazard E~aluation Division {TS-769C) 

Robert J. Taylor, PM 25 
Fungicide~Herbicide Branch 
Registration Division (TS-767C) 

Edwin Budd, Section Head 
Revi,ew section II, Toxicology Branch 
Hazard Evoluation Division (TS-769C) 

and 

Theodore M. Farber, Chief . ~ 'lJ!, U IJ/H'/t,-. 
Toxicology Branch 
Ha~ard Evaluation Division {Ts-769C) 

Requested Action 

Review Monsanto's canments relative to Glyphosate Guidance 
Document (Registration standard). ~onsanto specifically 
requests a waiver of the inhalation LC50 with glyphosate ~nd 
a waiver of a repeat mouse oncogenicity study with glyphosate. 

Conclusions and Recommendations 

1. TB cq~curs with Monsanto's waiver request regarding 
the acute inhalation study with glypho3ate technical. 
The •tudy is not required • 

• f EXHIBIT 
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2. TB does not concur with Monsanto reqarding the waiver 
of the rep&at mouse oneogeniaity study (see discussion 
in revi~w section). 

/TB reqµires that th& mouse oru::09enici ty study be repeated 
in males cm!,y, using larger numbers of animals for each dose 
level to increase the statist ieal power of the bioassay .. ,,""t 

Possibly ~00 mice per group may be needed. 

Porth.~ repeat study the am should be 30,000 ppm t&inee, 
at th~t ~eis& l~vel, the ~eqti.ivooal .. increase in kidney tumors 
was observed in the previous study. Additional doses of : 
15,000 arid 7SOO ppm ere also recommended, which may provide 
an indieation of a possible dose-response relationship. 

Oth~r experimental variables should be the same, at& much 
as possible, as the previous mouse oncogenicity study. 

A •tier approaehff to histopathological examination of 
tissu~s/organs will ~e acceptable. Specifically, sections 
of kidney and 1 ive:r $hou.ld be examined from all high dosage 
level and control animals.. jn addition, all grossly observed 
findings sugge$tive of possible t.umors should alst> be examined 
from all animals in all groups in the study. !f the above 
examinations (to not sug~est a potential oneogenic response, 
then additionttl hiatopathological examinations will not be 
m:H'H! siiu:-y • 

The regiat.rant should provide a protocol of the repeat 
$tudy before the experimental work is initiatecL, 
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Iaaue Number 1: Acute Inhalation LCsn Study W,i th Glypfaosate 

:tn the Glyphosate Guidance f}ocument, EPA stated that an 
· acute inhal~tion study with glyphosate technical has not been 

iuJbmitted arid is required. 

Monaanto' s Response 

~There appears to btt no justification for an acut~ inhalation. 
&t\ldy with glyphosate becau&EH {a} People are not e*poiu,d to 
glyphosate, If any exposure does occur t it is id ther to the 
ieopropyla,mine or ,ooium sesgui salts of glypho:sate. Ad~quate 
inhalation toxicity studies have been or are being conducted 
with tJiesE! ent1 ... use materials.. The reswl ts of available 
st:udies iru:licate a relatively 1 ow degree of aeute inhalation 
toxicity; {b} glyphosate is a nonvolatile aolitl material 
which is handled in manufacture as a wet cake ( 10,...15\ moiiture) 
which precludes any inhalation exposure. We therefore request 
the Ag$ncy concur with Mtn:tsant:0 1 s opinion thet this acute 
inhalation study is not required per section 158*135, a1~3 
Guidelines since glyphosat;e is not an inhalable material,." 

Tii Corielusiort and Recom:m•ndation . 
'rB c:om:m:x?s with the Monsanto waiver :n~quest regarding the 

aoute inhala,tion study with glyphosate technit:t,l * The study 
is not required. 

Issue Number I!:t :Repeat of the Mouse one~eni<:itx Stu~ 

1n the 13lyphosate Guidance !leeumEH'lt * the Age.ncy requested 
a repeat of the chronic feeding/emi:n::igerd.city s.tudy in mice to 
fully address· the question of ll. • ., whether the apparent 
e.ffects noted in th• mou!!le itudy ( renal tubular adenCRas) are 
biologically relevant .. 11 

Monsanto* s It~sconse 

,.The results of the mo1.n.H~ bioassay do riot provide, posH::iV$ 1 

or even suggestive, evidence ¢f ca~einogenicity. The most 
that can be said is that the :results were equivocal a:s, in 
fact, the seientific Advisory Ptnel stated. rurthe-more, the 
$~ pointed o~, the f~ct that thi$ equivocal finding oecyrred 
only at a .ttos~ level that exceed~d the ~Tb. Ouoting fr.om the 
SAP report, ' • ~ • no oncoi;;i&nic eff eet is oemon$trated using 
eon.current controls' and 1 ., -., • the level of concern taia~d 
by histcrrical cont::ol data was not grtuit enough to di$place 
putting prtmary emphasis on the ¢:tH'lt:::urrent controls .. t 

·, . 
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Th~re appears to be no justification for recyuir.ing the r&pet1t 
of a study with equivocal findinga at a single $ite-, only at 
dosage levels 1.ncceeding the fli!TD. • 

•several, eltpert to>:icolo;iits intiMat&ly fiuniliar with 
the glypiH,sfttt ehrcmie/oncoganic moue.e: study rurul ts; end 
personally !.nvcilvad in the $.Al) hearing on. this ii;uiue, were 
asked to evaluate the need for a repeat $tudy. ~ll exper~s 
agreed that additionttl testing is not justified since the 
currant study was <;;o.ru:h,1cted at le-ve,1 s e1(¢<;ut,din9 th~, Ml'D bnd 
failed to d.emonstratit a treatment-related oncoge:nic effect., 
Their evaluations a,:e enclosed in this part.I'! 

~ As i::Hsc:ussed previously, the tact Monsanto has agreed 
to re;nu:t the: ehronic/oncogenic rat study with g1yprn::is:ate 
<Hminishes evan further the just.t!ica.tion f¢r a repeat mouee 
study .. " 

111 The results of the t:nn:rent rat and :mouse studies, a1lorv; 
with results to be obtained from a repeat l"$t study, should 
be sufficient to aaaaes the oncogerde potent.i~l of glyphoeate .. 
A repeat mouse study is not ne-cessa.ry.lfi 

1'finally, based upon a. review of the principles e:it;pres!!ed 
in the Agency• s draft *Position Paper cm Maximum Tolttrated 
Dose (MTDJ ir(.;on.cogenicity Studi¢s, 1 it is clear that the 
chronic/oncogenic mouse study was conducted at dosage lf)vels 
which greatl,:t exeettded the upper limit of 7000 ppm riftquired 
for mt:nJse studit:ts. f'urtharmore, none of the req1.d.reraehta 
litt.eti in that document Which would neceesitatfl 'a study u·e: 
fulfilled for the mouse study {see Attachment 1)»" 

'Regarding the need to repeat the meuse oncogenicity 
study with glyphcsate, T'B fully concurs with th~ ceinclusion 
and recttnmenoation of tl'HJ scientific Advisory Panel (SAP} 
viz 111 The Panel proposes that Glyphosate be categorized as 
Group o (not e:t1,ul!si£ied} ano that there be a data ca.11-ict £or 
further studies in rats am;Vm:· mice to clarify uru;esolved 
questions.'* :rn view of the equivocal otJcogenic :re:!ponse 
in the first· rno1.u~e et::t.tdy, TB hel ievae the onccgenic potential 
of glypnosate in :mice st.ill remains unresolved and that a 
repeat ntml,S& study is neceirntu:-y. to fully and adequat$ly ,Q$.!/Hl$1! 

this potential.,,~ 

T~ woult\ · also point out that the n'Posi tii::m Paper on 
Maximum 'rolerated Doie {M'ttl)' in Cm¢ogenieity St..udies,t1 ref~:r:red 
to by Monsanto, is a discuss}t:m. of general principles that 
may be us~fUl in the interpretation of oneogerd .. c studies and 
as an aid in 'deteu:rrd.nirftJ the need: to rape at studies. Aa such, 
it is intended to pr1:t1ride guldane~ rathe~ th,1u, rig id rules. 
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When the eitcastances of a particular s i tuu: ion indicate a 
strict application of the document may be inappropriatt', TS 
will give precedence tc what it believes is most prudent for 
the specific <:aae: at hand. 

In the,,,ca&e 0£ glyphosate it is recai1.iMn,de.C that tha 
mouf.\c oneog~icity study be repeated and that: the higl'UU'J:t 
dosage l•ve1 tested be 30,000 ppm, a:s in the first study,,,.. 
t'1th•r than 7000 ppm ( or 1000 m;/kg/day) as .,.. suggested" in 
the MTD tlocunurnt.. This do$age level requiremant is being 
irt1poted to clarify the equivocal results observed at this 
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tame doiage level in the first study and in eo doing to unse:ss 
tha ~ pot~ntial of glyphosat~ t..o inot.n:e: tumors in mice~ ,' 
!t 1$ t1¢ted that at thi, dosage level, (30,CJOQ ppnt) in the 
first. tn<;use study, survival of male mice at 24 month$ was 

· increased e:anpared to male control mic~; thtrefore F thi.s dosage 
"fevei {a not a l ife-short$ning leveL :tt is also recmmended 
that the mid and low dosage levels in the repeat mouse study 
be LS,000 and 7500 ppm, respecti"lely, rath~r than SOOO and 
1000 ppm as in the first study. The reason for this it, to 
provide an adequate experimental basis for establishing a 
dose-response relatiorrnhlp if, in fact, ~ positive oncogenJ.c 

• r$sponae came to occur in the repeat study. 

:tn additi.on, Ta recorrunends that only 1t1ale mice he tested 
in the repeat..'study because the tunH;irs of particular concern, 
renal tubul& adenornas, were only observed in male mice in t.ha 
first atut1y •. ttowever, slm;;e renal tubule adenomas are $¢ 
rare {or at least infrequently observed}, 't,'B also recommends 
that larger number.a of ard.mals be used for each dosage level 
to inet:ease the e.tati stical power of the cioiisli.Hty. Possibly, 
200 male mice per group may be needed. 

TB, thery t oon~iders the repeat mouse $t:1Jdy to be a 
sp&e~a.lly desi2ned study for the speci~ic purpose of c1~rify­
it19 certain u.nrfHi!!Plved questions relating to the poten:.1;1al 
onoog.eniaity of glyphosate. Hence, the recommendations are 
that the ,study be ?~JtfornHid at do$age level$ of 30,000, 
lS, 000, and 7500 ppm t th;e\t only male mice need be test&d 1 and 
that. 200 mice per group may be needed. Similarly, becew.se cf 
the lurd,ted nature of th& coni::ret:ns pr(npting this repeat 
$tt1d;f, "X'S ~d.11 1:1ccept a "tier approach" to the pathological 
exandru1tions· in t;his study. tirst, a very thorough ano 
<:Qflplete gro~a necropsy should he pertcrme~ on all an im&ls in 
t:bi$ study, pa,:,rtJ,cularly noting all findings suggestive of 
poasible: tumor.a. Second, a £\ll l and t:C1mplet11 set of tissues/ 
organs should '.b~ excised and fixed frcrn each animal in the 
study { for possible future l'HJHid} • Third, it wi 11 only be 
n$cessary irt the II first tier~ to rlo the fellowing: . . . . 

Proae~s and &xand .. ne mult.iple se<::tions of kidney td'ld 
li'ltn:: from all high dosat;1e levels and control animals 
in the study. 



! 
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2. ?roceee ~nd exwnine all gro$sly obeerv•d *'findinga• 
suggestive of possible tumors from all animala in 
all groups in the $tudy. 
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!f the *'first tier" examinations do not suggttst a 
potential O!lcog1u1.ic response, then additional histopathological 
exa1nination~ will not be necessary. 

~ "."'t 
!'he registrant should be requested to submit a proposed 

protocol for the repeat mouse study to the Agency for comment 
before the experimental work is initiated. 

t<egarding the comments of Monsanto's experts t'.Drs. Sq4,Jre, 
GOOdman, and Stemmer}, the SAP considered their opiniona but 
nevertheless believed the mouse kidney tumors to be "equivocal" 
and rec~.mended further studies in rats and/or mice. TB 
concur$ with the viewpoint expressed by the SA?. 

' " 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 
         

      OFFICE OF CHEMICAL 
SAFETY AND POLLUTION PREVENTION 

        
 
September 21, 2022 
 
MEMORANDUM  
 
SUBJECT: Withdrawal of the Glyphosate Interim Registration Review Decision 
 
TO:   Glyphosate Registration Review Docket (EPA-HQ-OPP-2009-0361) 
 
FROM: Cathryn Britton, Branch Chief   
  Risk Management and Implementation Branch V 

Pesticide Re-evaluation Division 
  
THRU:  Mary Elissa Reaves, Director 
  Pesticide Re-evaluation Division 
  Office of Pesticide Programs 
 
On June 17, 2022, the United States Court of Appeals for the Ninth Circuit vacated and 
remanded the human health portion of EPA’s interim registration review decision for 
glyphosate (ID), held that EPA’s failure to make an effects determination before issuing 
the ID violated the Endangered Species Act (ESA), and remanded without vacating the 
ecological portion of the ID but imposed an October 1, 2022 deadline for EPA to 
complete the remand. Natural Resources Defense Council et al. v. EPA, 38 F.4th 34 (9th 
Cir. 2022). In light of the court’s decision, this memorandum announces EPA’s 
withdrawal of all remaining portions of the glyphosate ID, including the remanded 
ecological portion. 
 
A copy of the glyphosate ID, now vacated in part and the remainder withdrawn, is posted 
to the glyphosate registration review public docket (EPA-HQ-OPP-2009-0361) at 
https://www.regulations.gov. 
  
Background 
 
Issuance of the Glyphosate Interim Registration Review Decision 
 
Registration review is EPA’s periodic review of pesticide registrations to ensure that each 
pesticide registration continues to satisfy the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) standard for registration, that is, that the pesticide can perform 
its intended function without unreasonable adverse effects on human health or the 
environment. Under FIFRA section 3(g), each pesticide is required to be reviewed every 
15 years. 
 

https://www.regulations.gov/
http://www.epa.gov/
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EPA regulations establish procedures for the registration review program required in 
FIFRA section 3(g). Under 40 C.F.R. § 155.56, EPA may issue, when it determines it to 
be appropriate, an interim registration review decision before completing a registration 
review. Among other things, the interim registration review decision may require new 
risk mitigation measures, impose interim risk mitigation measures, identify data or 
information required to complete the review, and include schedules for submitting the 
required data, conducting the new risk assessment, and completing the registration 
review. Procedures for issuing an interim registration review decision are set forth in § 
155.58. 
 
On February 3, 2020, EPA published a notice in the Federal Register (85 Fed. Reg. 5957) 
announcing the availability of the glyphosate ID. EPA issued the ID pursuant to 
40 C.F.R. §§ 155.56 and 155.58, explaining that it was doing so to “(1) move forward 
with aspects of the registration review case that are complete and (2) implement interim 
risk mitigation.” The ID finalized EPA’s draft risk assessments supporting registration 
review, Glyphosate Draft Human Health Risk Assessment for Registration Review and 
Registration Review—Preliminary Ecological Risk Assessment for Glyphosate and Its 
Salts. The ID did not identify any human health risks of concern from exposure to 
glyphosate but did identify potential ecological risks. It also identified interim risk 
mitigation measures, in the form of label changes, including spray drift management 
language, herbicide resistance management language, a non-target organism advisory, 
and certain label consistency measures. It concluded that, under FIFRA, the benefits of 
glyphosate outweigh the potential ecological risks when glyphosate is used in accordance 
with labels. 
 
The glyphosate ID did not make findings under section 7 of the ESA or under the 
Endocrine Disruptor Screening Program (EDSP) pursuant to section 408(p) of the 
Federal Food, Drug, and Cosmetic Act (FFDCA), nor did it respond to a 2018 
administrative petition submitted by the Environmental Working Group and others (EWG 
et al.) to reduce the tolerance level for glyphosate residues on oats and require certain 
label changes based on concerns regarding dietary exposure and carcinogenicity. EPA 
explained that it would do so before completing registration review for glyphosate, and 
that the “final registration review decision for glyphosate will be dependent upon the 
result of the agency’s ESA assessment and any needed section 7 consultation with the 
[U.S. Fish and Wildlife Service and the National Marine Fisheries Service], an EDSP 
FFDCA section 408(p) determination, and after a resolution of the EWG et al. petition.” 
The glyphosate ID also did not solicit label changes from registrants to implement the 
interim risk mitigation measures. EPA explained that it would do so once it responded to 
the EWG et al. petition.  
 
For further background on glyphosate and its registration review history, see the end of 
this memorandum.  
 
Endangered Species Act Assessment for Glyphosate 
 
ESA section 7(a)(2) requires that federal agencies ensure that the actions they authorize, 
fund, or carry out are not likely to jeopardize the continued existence of species listed as 
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threatened or endangered under the ESA (listed species) or destroy or adversely modify 
their designated critical habitat. For pesticides in registration review, EPA’s 
responsibility includes evaluating potential effects to listed species and their designated 
critical habitat, often through a biological evaluation (BE). If EPA determines that a 
pesticide’s registration “may affect” and is “likely to adversely affect” listed species or 
designated critical habitat, the Agency initiates formal consultation with the U.S. Fish 
and Wildlife Service (FWS) and/or the National Marine Fisheries Service (NMFS) 
(together, the Services). The Services prepare their respective biological opinions 
(BiOps) regarding whether the pesticide’s registration is likely to jeopardize the 
continued existence of listed species or result in the destruction or adverse modification 
of designated critical habitats and describing any reasonable and prudent measures or 
reasonable and prudent alternatives. EPA then uses its authorities under FIFRA to 
implement, as necessary, any such measures or alternatives described in the BiOps. 
 
On November 25, 2020, EPA released the draft BE for glyphosate for public comment. 
On November 12, 2021, EPA released the final BE for glyphosate, which found that 
glyphosate may affect 1,795 listed species and 792 critical habitats and is likely to 
adversely affect 1,676 of those species and 759 of those habitats. EPA initiated formal 
consultation with the Services in November 2021. As noted in the declaration filed in 
support of EPA’s August 1, 2022 petition for panel rehearing of the Ninth Circuit’s 
decision, discussed below, consultation with the Services is ongoing. 
 
For further information on EPA’s ESA assessment for glyphosate, see 
https://www.epa.gov/endangered-species/final-national-level-listed-species-biological-
evaluation-glyphosate.  
 
Challenges to Glyphosate Interim Registration Review Decision 
 
On March 20, 2020, two groups of petitioners filed petitions for review of the glyphosate 
ID in the Ninth Circuit. See Natural Resources Defense Council et al. v. EPA, No. 20-
70787 and Rural Coalition et al. v. EPA, No. 20-70801. Together these petitions 
challenged EPA’s analysis of the human health and ecological risks and costs of 
glyphosate, weighing of such risks against the benefits of glyphosate, and the interim risk 
mitigation measures identified in the ID, and alleged that EPA violated the ESA by 
issuing the ID before completing consultation with the Services.  
 
While EPA defended its analysis of human health risks and the alleged ESA violation, it 
moved for partial voluntary remand without vacatur of its analysis of ecological risks and 
costs, weighing of such risks against benefits, and interim risk mitigation measures. EPA 
sought remand to: 
 

• Consider how the glyphosate ID may be impacted by the (then) draft BE and 
whether additional or different risk mitigation measures may be necessary. 

• Reconsider its analysis of ecological risks as it relates to in-field effects of 
glyphosate on monarch butterfly habitat in light of the court decision in National 
Family Farm Coalition v. EPA, 966 F.3d 893 (9th Cir. 2020). 

https://www.epa.gov/endangered-species/final-national-level-listed-species-biological-evaluation-glyphosate
https://www.epa.gov/endangered-species/final-national-level-listed-species-biological-evaluation-glyphosate
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• Consider whether the court decision in National Family Farm Coalition v. EPA, 
960 F.3d 1120 (9th Cir. 2020) regarding EPA’s analysis of spray drift risks and 
other potential costs of another pesticide (dicamba) affected EPA’s analysis of 
glyphosate. 

• Evaluate the glyphosate ID in light of the change in Administration and policy 
priorities, as reflected in the January 20, 2021 “Executive Order on Protecting 
Public Health and the Environment and Restoring Science to Tackle the Climate 
Crisis” (86 FR 7037, 1/25/21) and, in particular, consider whether there are other 
aspects of its analysis of ecological risks and costs related to glyphosate that 
should be reassessed or for which additional explanation should be provided. 

• Consider what risk mitigation measures may be necessary to reduce potential 
risks following completion of analyses left outstanding in the ID. 

 
The Ninth Circuit heard oral argument on these challenges on January 10, 2022 and 
issued its decision on June 17, 2022. The court vacated and remanded the human health 
portion of the glyphosate ID, held that EPA’s failure to make an effects determination 
before issuing the ID violated the ESA, and granted EPA’s motion for partial voluntary 
remand but imposed an October 1, 2022 deadline for EPA “to issue a new ecological 
portion.” Natural Resources Defense Council et al. v. EPA, 38 F.4th 34 (9th Cir. 2022). 
 
On August 1, 2022, EPA filed a petition for panel rehearing that sought relief only from 
the court’s imposition of a deadline to complete remand of the ecological portion of the 
ID. EPA explained that, while the court did not define what it meant by “issue a new 
ecological portion,” the Agency would not be able to finalize a new ecological portion in 
a registration review decision for glyphosate by the October 1, 2022 deadline because of 
the time needed to address the issues for which EPA sought remand and to complete 
consultation under the ESA. In a declaration filed in support of the petition, EPA set forth 
its anticipated schedule for completing registration review for glyphosate. EPA also 
stated that if the court did not lift the deadline, the Agency might exercise its discretion to 
withdraw the remanded ecological portion of the ID and focus its efforts on the required 
final registration review decision for glyphosate. A copy of EPA’s August 1, 2022 
petition for panel rehearing and declaration filed in support of the petition is posted to the 
glyphosate registration review public docket (EPA-HQ-OPP-2009-0361) at 
https://www.regulations.gov.    
 
On August 5, 2022, the court denied EPA’s petition for panel rehearing without opinion. 
 
Withdrawal  
 
In its June 17, 2022 decision, the Ninth Circuit vacated and remanded the human health 
portion of the glyphosate ID. EPA is now withdrawing all remaining portions of the ID, 
including the remanded ecological portion consisting of the Agency’s analysis of the 
ecological risks and costs of glyphosate, the weighing of such risks against the benefits of 
glyphosate, and interim risk mitigation measures. Because the ID is an informal 
adjudication that EPA issued at its discretion, EPA may withdraw all or a portion of it 
without public comment. Moreover, it would be impracticable for EPA to take public 

https://www.regulations.gov/
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comment here because of the October 1, 2022 deadline imposed by the court to complete 
remand of the ecological portion of the ID.  
 
EPA has determined that withdrawal is appropriate in light of the Ninth Circuit’s June 17, 
2022 decision and the particular circumstances of glyphosate’s registration review and 
ESA assessment. Insofar as the court has ordered EPA to finalize a “new ecological 
portion,” doing so through another interim registration review decision or a final 
registration review decision would involve significant and lengthy steps. As detailed in 
EPA’s August 1, 2022 petition for panel rehearing and declaration filed in support of the 
petition, the Agency is unable to finalize a new ecological portion in a registration review 
decision for glyphosate by the court-imposed October 1, 2022 deadline because of the 
time needed to address the issues for which EPA sought remand and to complete 
consultation under ESA. Moreover, before issuing such a decision, EPA must first 
prepare a proposed decision, make it available for a period of public comment of at least 
60 days, and consider any comments received. 40 C.F.R. § 155.58. For reference, EPA 
received approximately 283,300 public comments comprising over 12,000 unique 
submissions when it published the glyphosate proposed ID in May 2019, and it then took 
nine months to finalize and publish the ID in February 2020. EPA cannot complete these 
processes by the court-imposed October 1, 2022 deadline. 
 
To date, EPA has not solicited label changes from registrants to implement the interim 
risk mitigation measures identified in the ID. The Agency has not solicited such label 
changes because EPA’s continued work towards completing registration review for 
glyphosate could affect what risk mitigation measures EPA may determine are necessary, 
as noted in the declaration filed in support of EPA’s August 1, 2022 petition for panel 
rehearing of the Ninth Circuit’s decision. Moreover, the Agency continues to work on a 
response to the EWG et al. petition, which asks EPA to reduce the tolerance level for 
glyphosate residues on oats and require certain label changes based on concerns 
regarding dietary exposure and carcinogenicity. Because of the court’s vacatur and 
remand of the human health portion of the ID, EPA believes it would be appropriate to 
respond to the EWG et al. petition once it completes its review on remand. To avoid 
multiple, and potentially conflicting, rounds of label changes, EPA expects to defer 
solicitation of label changes until it issues a final registration review decision for 
glyphosate. 
 
For these reasons, EPA believes it is appropriate to withdraw all remaining portions of 
the glyphosate ID, including the remanded ecological portion, and focus its efforts on 
completing the required final registration review decision for glyphosate. 
 
Although the glyphosate ID is now vacated in part and the remainder withdrawn, that 
does not automatically mean that EPA’s underlying scientific findings regarding 
glyphosate, including its finding that glyphosate is not likely to be carcinogenic to 
humans, are either incorrect or cannot be used as support for a future decision following 
reconsideration in accordance with the court’s decision. 
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Next Steps  
 
With respect to the vacated human health portion of the ID, in accordance with the Ninth 
Circuit’s June 17, 2022 decision, EPA intends to revisit and better explain its evaluation 
of the carcinogenic potential of glyphosate and to consider whether to do so for other 
aspects of its human health analysis. With respect to the withdrawn ecological portion of 
the ID, EPA intends to address the issues for which it sought remand, including: 
 

• Consider whether additional or different risk mitigation measures may be 
necessary based on the outcome of ESA consultation for glyphosate. 

• Prepare an analysis of in-field effects of glyphosate on monarch butterfly habitat. 
• Consider whether EPA’s analysis of spray drift risks and other potential costs of 

dicamba are relevant to EPA’s analysis of glyphosate’s risk from spray drift. 
• Consider whether there are other aspects of EPA’s analysis of ecological risks and 

costs related to glyphosate that should be reassessed or for which additional 
explanation should be provided. 

• Consider what risk mitigation measures may be necessary to reduce potential 
risks following completion of analyses left outstanding in the ID. 

 
EPA also intends to complete ESA consultation with the Services, respond to the EWG et 
al. petition, and make an FFDCA section 408(p) EDSP determination before issuing a 
final registration review decision for glyphosate. As noted in the declaration filed in 
support of EPA’s August 1, 2022 petition for panel rehearing of the Ninth Circuit’s 
decision, EPA anticipates issuing a final registration review decision for glyphosate in 
2026.  
 
Glyphosate Background and Registration Review History 
 
Glyphosate is a non-selective, systemic herbicide with products registered for use in a 
wide array of both agricultural and non-agricultural settings. Agricultural uses include 
stone and pome fruits, citrus fruits, berries, nuts, vegetables, cereal grains, and other field 
crops. Non-agricultural uses include residential spot treatments, aquatic areas, forests, 
rights-of-way, recreational turf, ornamentals, non-food tree crops, and Conservation 
Reserve Program land. Glyphosate products are also registered for use on the glyphosate-
resistant crops, including alfalfa, corn, soybean, cotton, canola, and sugar beets. 
 
EPA formally initiated registration review for glyphosate in 2009 with the opening of the 
registration review docket for the case. The following summary highlights significant 
milestones that have occurred during the registration review of glyphosate  
 

• July 2009 - The Glyphosate Preliminary Work Plan (PWP), the Glyphosate 
Human-Health Assessment Scoping Document in Support of Registration Review, 
and the Registration Review–Preliminary Problem Formulation for the 
Ecological Risk and Drinking Water Exposure Assessments for Glyphosate and 
Its Salts were posted to the docket for a 60-day public comment period.   
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• December 2009 - The Glyphosate Final Work Plan (FWP) was issued. Comments 
received on the PWP covered the following topics: opposition to the use of 
glyphosate, the toxicity of glyphosate formulations and inert ingredients, use and 
usage trends, human health risks, ecological risks, endocrine disruption, and the 
benefits of glyphosate. The public comments received did not change the 
schedule, risk assessment needs, or anticipated data requirements in the FWP.  

 
• September 2010 - A Generic Data Call-In (GDCI) for glyphosate was issued for 

data needed to conduct the registration review risk assessments. All required data 
were submitted and reviewed. The registration review GDCI for glyphosate is 
considered satisfied.   
 

• September 2015 – The Agency completed its evaluation of Tier 1 endocrine data 
submitted under the EDSP and published the Glyphosate: Weight of Evidence 
Analysis of Potential Interaction with the Estrogen, Androgen, or Thyroid 
Pathways. EPA found no convincing evidence of potential interaction with the 
estrogen, androgen, or thyroid pathways and glyphosate was not recommended 
for further EDSP testing. 
 

• December 2016 – The agency convened a FIFRA Scientific Advisory Panel 
meeting to consider and review a set of scientific issues related to the EPA’s 
evaluation of the carcinogenic potential of glyphosate. The meeting agenda, the 
agency’s cancer issue paper, charge questions for the panel, transcript, and final 
report are available on EPA’s website: https://www.epa.gov/sap/meeting-
materials-december-13-16-2016-scientific-advisory-panel. Additional supporting 
materials and comments received from the public can be found in docket EPA-
HQ-OPP-2016-0385 at www.regulations.gov.    
 

• December 2017 – The agency published the Revised Glyphosate Issue Paper: 
Evaluation of Carcinogenic Potential (dated December 12, 2017), the Response to 
the Final Report of the Federal Insecticide, Fungicide, and Rodenticide Act 
Scientific Advisory Panel (FIFRA SAP) on the Evaluation of the Human 
Carcinogenic Potential of Glyphosate (dated December 12, 2017), the Glyphosate 
Draft Human Health Risk Assessment for Registration Review (dated December 
12, 2017), and the Registration Review – Preliminary Ecological Risk Assessment 
for Glyphosate and its Salts (dated September 8, 2015) on EPA’s website: 
https://www.epa.gov/ingredients-used-pesticide-products/draft-human-health-and-
ecological-risk-assessments-glyphosate.   

 
• February 2018 - The agency announced the availability of the human health and 

ecological risk assessments for a 60-day public comment period. Over 238,000 
comments were received during the comment period, most of which came from 
various mass mail campaigns. Approximately 2,244 unique submissions were 
received from various stakeholders, including pesticide registrants, industry 
groups, farmers, grower groups, private citizens, non-governmental organizations, 
states, and the U.S. Department of Agriculture. The comments did not change the 
risk assessments or registration review timeline for glyphosate. 

https://www.epa.gov/sap/meeting-materials-december-13-16-2016-scientific-advisory-panel
https://www.epa.gov/sap/meeting-materials-december-13-16-2016-scientific-advisory-panel
http://www.regulations.gov/
https://www.epa.gov/ingredients-used-pesticide-products/draft-human-health-and-ecological-risk-assessments-glyphosate
https://www.epa.gov/ingredients-used-pesticide-products/draft-human-health-and-ecological-risk-assessments-glyphosate
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• September 2018 – The Environmental Working Group, joined by Ben & Jerry’s 

Homemade, Inc., Happy Family Organics, MegaFood, MOM’s Organic Market, 
National Co+op Grocers, Nature’s Path Foods Inc., One Degree Organic Foods 
USA, Inc., and Stonyfield Farm, Inc. submitted an administrative petition to the 
Agency. The petition requested that EPA lower the tolerance for residues of 
glyphosate on oats and require label changes to prohibit the preharvest use of 
glyphosate on oats. On May 6, 2019, the Agency published a Notice of Filing of 
the petition in the Federal Register for a 30-day public comment period in docket 
EPA-HQ-OPP-2019-0066. 103,447 comments were received on the petition, most 
of which came from mass mail campaigns and 419 of which represented unique 
comments. The Agency continues to work on its response to the petition.  
 

• May 2019 - The Agency announced the availability of the Glyphosate Proposed 
Interim Registration Review Decision (PID) for a 60-day public comment period, 
which was later extended to 120 days. Along with the PID, the following 
documents were posted to the docket: 
 

o Glyphosate: Response to Comments, Usage, and Benefits (dated April 18, 
2018) 

o Glyphosate: Response to Comments on the Human Health Draft Risk 
Assessment (dated April 23, 2019) 

o Response to Public Comments on the Preliminary Ecological Risk 
Assessment for Glyphosate (dated November 21, 2018) 

 
During the 120-day comment period on the PID, the agency received roughly 
283,300 comments. Over 12,000 unique submissions were received from various 
stakeholders, including glyphosate registrants, grower groups, non-governmental 
organizations, pesticide industry groups, states, the U.S. Department of 
Agriculture and members of the general public. Most comments came from mass 
mailer campaigns, and approximately 120 unique substantive comments were 
received from various stakeholders. Public comments did not change the 
Agency’s risk conclusions but resulted in changes to the spray drift management 
labeling and rotational crop instructions. 
 

• February 2020 – The Agency announced the availability of the ID. Along with the 
ID, the following documents were published in the docket: 

o Response from the Pesticide Reevaluation Division to Comments on the 
Glyphosate Proposed Interim Decision (dated January 16, 2020) 

o Glyphosate Response to Comments on the Proposed Interim Decision 
Regarding the Human Health Risk Assessment (dated January 13, 2019) 

o Glyphosate: Epidemiological Review of Zhang et al. (2019) and Leon et 
al. (2019) publications for Response to Comments on the Proposed 
Interim Decision (dated January 6, 2020) 
 

• November 2020 - The Agency released the draft BE for glyphosate for public 
comment. Approximately 870 comments that pertained to the draft BE for 



 
9 

glyphosate were submitted, including 11 requests for extensions of the public 
comment period. Additionally, six mass mail campaigns were submitted with 
approximately 110,000 signatures.  
 

• November 2021 - The Agency released the final BE for glyphosate evaluating 
potential effects to listed species and critical habitats.   
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CANCER 
Epidemiological data support associations for both adult and childhood cancer,2.3,52.SJ 
with occupational exposure playing a role in cancer development for both adults and 
children. However, the most common types of cancer vary for children and adults, 
and a such associations between pesticides and cancer are treated separately in this 
section. As noted at the beginning of this chapter, one common problem in evalu­
ating cancer and pesticide relationships particularly in children is the relative rarity 
of cancer diagnoses.1.S3 

Several meta-analyses and systematic reviews have been published on the asso­
ciation bet\-veen pesticide exposure and cancer. In most instances, these analyses and 
reviews serve as the primary source of information for the sections below on child­
hood and adult cancers. 

Classification Systems for Carcinogenicity in Humans 
All active ingredients in pesticides are required to be tested in animals or using in 
vitro tests for their likelihood of causing cancer. The Health Effects Di vision of the 
EPA s Pesticide Program performs an independent review of all the available evidence 
to classify active ingredients according to their potential to cause cancer. The clas­
sification systems have changed in the past 30 years from using a letter grade system 
originally issued in 1986 to a method that uses descriptive phrases based on the weight 
of evidence. Under the older letter grade ystem, a grade of "B" was a 'probable 
carcinogen," ·•c· was equivalent to being class ified as '"possib ly carcinogenic ' "D" 
was "Not classifiable as to human carcinogenicity" and "E" was classified as having 
'"Evidence for non-carcinogenicity for humans.' 

The current system was proposed in 1996, revised in 1999, and released as a 
final report, G11idelines .for Carcinogen Risk Asses ·ment in 2005 by the EPA. The 
report uses one of five specific phrases to designate carcinogenicity : carcinogenic 
to humans,' ' likely to be carcinogenic to humans,' " suggestive evidence of carcino-

CARCINOGEN CLASSIFICATION SYSTEMS AT A GLANCE 

1986 EPA Classification System 
Group B: Probable human carcinogen 
Group C: Possible human carcinogen 
Group D: Not classifiable as to human carcinogenicrty 
Group E: Evidence of non-carcinogenicity for htJmans 

2005 EPA Classification System 
Carcinogenic: Carcinogenic to humans 
Likely: Likely to be carcinogenic to humans 
Suggestive: Suggestive evidence of carcinogenic potential 
Inadequate: Inadequate information to assess ca~cinogenic potential 
Not Likely: Not likely to be carcinogenic to humans 

IARC Classification System 
Group 1: Carcinogenic to humans 
Group 2A: Probably carcinogenic to humans 
Group 2B: Possibly carcinogenic to humans 
Group 3: Not classifiable as to 1ts carcinogenicity to humans 
Group 4: Probably not carcinogenic to humans 
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genie potential" '•inadequate ioformatlon to assess carcinogenic potential,'' and "not 
Iii ely to be carcinogenic to humans.' This information is available only via an emailed 
repo1i from the EPA web ite http://www.epa.gov/pesticideslcarlist. Although the new 
guidelines have been in place ince 2005, not all pesticides ha e been evaluated under 
the 2005 cancer guidelin~s. Ac1ive ingredients in pesticides classified using the older 
letter designation cou ld be reevaluated on a case-by-case basis. 

nether classification system for potential ly carcinogenic chemicals was estab­
lished by the l11ternational gency for Research on Cancer (!ARC). This system clas­
sifie chemicals using a l-4 grading system. classification of I indicates the chemical 
is carcinogenic to humans. A category of2 is split between 2 (probably carcinogenic 
LO humans) and 2B (possibly carcinogenic to humans). A category of 3 indicates the 
chemical is not classifiable as to its carcinogenic potential. Generally, this category is 
used when there is inadequate evidence in humans or animals Lo establish a cancer­
causing relationship. Group 4 indicates 1hat the chemical is probably not carcinogenic 
to humans. 

Tile table at the ead of this chapter li sts el ected pe t icides a nd their cla " 
sification of carcinogen icity. The list is not meant to be all inclusive, but an attempt 
to list agents that are more commonly usetl or have a higher likelihood of being 
car·cinogenic in humans. It includes a number of chemicals that were classified under 
both the newer and older EPA systems. The list includes some pyrethroid insecti­
cides. the residential use of hich has increased a many of Lhe organophosphntes 
have been phased out. 

Associations between Childhood Cancer and Pesticides 
Relationships between childhood cancers and pesticides were summarized in two 
review articles, the first by Zahm and Ward in l 998, and an update pub lished in 2007 
by Infante-Rivard. The pediatric cancer types with the most compel ling evidence for 
an association with pesticides are leukemia and brain tumors. Of note, in most of 
the studies re iewed, all forms of leukemia were considered in one group because of 
insufficient numbers of certain types of leukemia - e.g., acute lymphocytic leukem ia 
(ALL) or acute myelocytic leukemia (AML . There were a few studies of sufficient 
size that were able to evaluate ALL separately. Brnin tumor are also reported as a 
group rather t11an by individual tumor type as they ar'e even rorer than childhood 
leukemia.3·53 

The pediatric cancer type with the most compelling eviclence for 
rm association fll ith pesticides are leul,emia and brain tumor . 

Childhood Leukemia 

Thirteen of U1e 18 studies reviewed in the 1998 Zahm and Ward article found an 
increased risk of leukemia fol lowing pesticide exposure. The most common reported 
exposure was not related to agricultural production but rather household insecticide 
use during pregnancy or during the preconception period. As mentioned above, mixing 
leukemia types and recall bias were among the limitations of the e earl ier studies.53 

lnfante-Rivard reviewed 12 more recent studies in 2007.l Most oflhese studies 
were larger and used higher-quality exposure assessment methodologies. Five found 
statistically significant associations between leukemia and pesticide exposure.5•·~"-51.5~ 



T,. o included a detailed exposure assessment and were able to demonstrate a dose­
response effect/<,5x The largest st11dy included 491 subjects and limited the outcome to 
c1cute I_ mphocytic leukemia. Tn this study, rnatemal residential use during pregnancy 
of herbi ides (OR = 1.84, 95% Cl, 1.3-, -.57), plant insecticides OR= 1.97 95% 
Cl , l.32-2.94), and ·"pesticides for trees" (OR= l.70. 95% Cl, 1.12-2.59) were all 
associated with ALL. Childhood exposure from birth to diagnosis of ALL) to plant 
insecticides (OR ;cc l .41, 95% CL l.06-1.86) and herbicides (OR= l .82, 95% CI, 1.31-
2.52) were also sigL1ifica11tl. assoc iared.-'i• Two studie by the ame author did not find 
an association between child's residence near agriculture-related pesticide application 
and childhood leukemia,'1 nor maternal residence near agricultural pesticjde applica­
tion at tbe time of their child 's birth and childhood leukemia/·0 

Two additiona l meta-analyse have been condUl:ted that further explore asso­
ciations between pesticides and leukemia and support the pre iously described asso­
c iations . The first meta-analysis examined parental occupational exposure to pesti­
cides and leukemia and the second focused on stL1dies of pesticide in the home and 
garden ." 1 

~" tn the first study, maternal occupational exposuJe was fow1d to be associ­
ated with leukemia , the reported ORs were 2.09, 95% Cl , L5 l-2,88 for overall pesti­
cide exposu re; 2.38. 95¾ Cl, 'I .56-3.6- for insecticide exposure; and 3.6~, 95% CI, 
1.28- I 0.3 for herbicide xposure. No associations were found for patemal occLlpa­
tional exposure.<•Z. Jn the meta-ana lysis focused on exposure through home and garden 
u es of pe t'icides T - stud ie. were included and expo. ire during pregnancy to un pec­
ified pesticides insecticides and herbicides were al l associated , ith leukemia (OR 
= 1.54, 95% Cl, l.13-2.11; OR= 2.0-. 95% Cl l.80-2.32; ai;d OR = 1.61 , 95% Cl, 
l.2-2.16, respectively) .'.i 

Childhood Brain Tumors 

In the 1998 Zahm and Ward re i , 1'2 of the 16 studies presented evidence ofan a so­
ciation be1ween pesticide exposure and childhood brain tumors, and seven of these 
reached statistical significance. Simi lar to the findings with leukemia household use 
by the parent (home and garden and on household pets) were the most commonly asso­
c iated e-xposures. The number of children with brain tumors is even fewer than that of 
leuken1Ia, so aJI type of brain tum rs were used to denne ·'cases." 

As noted with leukemia, che body of evidence estimati ng an association between 
brain tumors and pescicides ince 1998 is mor robust with larger s.rudies and improved 
exposure assessment. Nine of IO studies in th 2007 [nfante-Rivard review demon­
strated an increased risk of brain tumors following maternal and/or paternal expo­
stt.re, with tllree of the 1Ltdies reaching statistical signi.ficance.1•3,r.1.r.; For all studie , it 
appeared thac prenatal exposure to insecticides, particularly In the household , as well 
as both maternal and paternal occupational exposure before conception though birth 
represented the most consistent risk factors. 63·',-1,<.s.i,o.<,7.u•M.7•\. 71 The largest case/control 
study (3- l cases) limited the case definition to astrocytomas and noted an OR of 1.9 
95% Cl, l .1-3. ~, following maternal preconceptual/prenatal exposure to in ecticides.~­
One cohort study followed '.;3 -,635 children and found an as ociation between all 
brain tumors and paternal exposure to pesticides immediately before conception RR 
= _.16, 95% Cl, 1.27-4.39.u1 

In suimnary, there is relatively consistent evidence for an in reased ri k of devel ­
oping some t pes of childhood cancers following preconception and/or prenatal expo­
sw·e to pesticides. The strongest evidence appears to be for ALL, the most common 
form of childhood leukemia. faternaJ exposure to insecticides and paternal occupa­
tional exposure appear to carry the greatest risk. 
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Associations between Pesticides and Cancer in Adults 
Bass il eL al. conducted a systematic review of cancer and pesticides, which included 
studie of children and o f adu lts. Each t.udy was evaluated for methodologica l quality 
by two trained reviewers using a standard ized asse sment tool with a high inter-rater 
re li abil ity. Only studies with a g lobal rating of 4 or higher were included in the review.! 

Many of the studies evaluating re lationships between cancers in adu lts and pesti ­
c ides are condu ted in the occupational setting . Associations b etween pesticide expo­
sure and the development of leukemia and non-Hodgki n lymphoma were noted in 
most studi es. Solid tumors of the prostate. pancreas, k1 dney and breast were among 
the more cons isteJltly reported frnd ings in stud ies of adu lts. As was noted in numerous 
stud ies of childhood outcomes, ascerta inment of .vhether exposure actua lly occurTed 
and the amount of exposure are recurring weaknesses in adul t studies . 

Non-Hodgkin Lymphoma and Other Hematopoietic Cancers 

Of the 27 tudies on non-Hodgkin lymphoma ( "HL) 1hat met quality criteria in 
the Bas ii review, 23 found posit;ve associations. I most hal f of rhese studies were 
conducted in ad ult cohorts of various occupationa l g roups includ in"' farmers pesticide 
appl icator . la ndscapers and those who worked in pesticide manufacturing. Ten ofthe 
12 cohort studies reported a positive association, with four reaching statistica l signifi­
cance. One oftl1e larger cobon studies demonstrated a relative risk RR of2. l , 95% C l. 
1. 1-3.9. Ele en of the 13 case-control studies (excludes one positive stud in ch il dren) 
also demonstrated an associati on betv.,een occupat ional exposui-e and HL. w ith 7 
reaching stati sti cal s ignificance. Multiple c lasses of pesticides were imp licated.~ 

. separa te meta-analy is of c.ase-contro l studies examining the re lationship 
be tween pesticide exposure and hem atopoieiic cane rs was pu blished in - 007. The 
authors re iewed 36 case-conb·o l sLUd ies. After excluding studies with methodological 
flaws or data concerns a study that included non-heinatopoietic aJ1cers and a tudy 
written in Jtalian, 13 studies remain d for analysis. The cancers assessed in the meta­
analysis were HL leukemia and multiple m eloma. 72 Tbe overall meta-OR fo r NHL 
was 1.35. 95% Cl, 1.2-1 .5. An increased risk for leukemia and multiple myeloma 
was also demonstrated though both were j ust short of reaching statistical significance 
(O R = 1.35 95% C l 0.9-J._ and OR= 1. 16 95% CT, 0.99-1.36). T11e author also 
conducted a meta-regression to account for the heterogeneit-y among tbe studie . They 
found that exposure for longer than IO years increased the risk for a ll hematopoietic 
cancers (mOR = 2. 18 95% Cl 1.43-3.35 and for NHL (mOR = 1.65 , 95% L 1.08-
2,S l). 71 

As wirh other cancer epidemio log ic studies discu sed above, the maj or limitation 
was the lack of sufficient ex posure information in many of the s tudies. Addi tionally 
the cohort studies in the above meta-ana lysis only listed the c lass of pesticide and the 
corresponding OR (herbic ides or in ec1·icides) rather than the individua l pesticide.r. 
Ot l1er individual stuci ie have demonstrated risks from certai n specific pesticides. One 
well-designed cohon study reported r isk associated w ith mecoprop, a ch lorophenoxy 
herbicid .73 nether study demonstrated iisks from another chlorophenoxy herbicide 
- methyl phenoxyacetic acid (MCPA)- and from glyphosate .H Another study demon­
strated a sjg,n ific1mt increased ri sk of NHL fo r subjects exposed to 2 4~D.15 T he Agri­
cu ltural Health Study demonstrated a r isk of developing leukemia follow ing exposure 
to diazinon.7<• 

Prostate Cancer 

lt has been s uspected that pesticide exposure may be associated with prostate cancer. 
This association may be related to hormonally active pesticides, known as endocrine 



disruptors. 77 Of the eight studies included in the Bassil review, all showed positive 
associations between pesticide exposure and prostate cancer. 7.7K,n .~",k1.Ki ,K3,K~ A pmticu-
1arly wetl-designed study from the Agriculture Health Cohort included 55,000 me11 in 
Iowa and orth Carolina. The authors found that farmers who applied pesticides had a 
small but signific,u1t increase in prostate cancer compared to t11e general male popula­
tion iJ1 10\ a and orth Carolina standardized pro rate cancer incidence ratio of 1.14 
(I .o ·-1 .14)). The study also evaluated risk to specific pesticides b_ inquiring about 50 
different pesticides LO which the farmer was 'ever exposed' and found positi e associ ­
ations ,.vith carbofuran, pcrmethrin. aldrin and DDT. Each OR was in the range ofl .25 
to 1.38, all with statistically significant 95% Cls . However, among those who were in 
the ''highest exposure category," a risk estimate of3.47 95% Cl, 1.3 7-8. 76, was noted 
for the fumigant methyl bromide. In addition, six pesticides chlorpyrifos, fonofos, 
coumapho , phorare, pennethrin and butylate) were positive ly associated with prostate 
cancer in men with a family history of prostate cancer."3 

Around the same time as Bassil s review was published Mink et al. conducted a 
separate review article on prostate cancer. The two authors reviewed and independent! 
assessed each study for inclusion or exclusion, and discrepancies were reconciled . The 
authors i.nclutled 13 studies (8 cohort, 5 case-control) in their final review; however, 
they did not report the total number of studies reviewed and excluded. Despite some 
scattered positive finding in some of the studies they reviewed, the authors conc luded 
Lhere was no cau al link between pesticides and prostate cancer.1

~ 

Two case-control studies by ettimi et aJ. evaJuated prostate cancer among agri­
cultural workers and included a comprehensive questionnaire to evaluate exposures 
as well as potentia l confounders. 'he fi rst study evaluated numerous types of cancers 
and demonslrated an excess risk or prostate cancer among fa1mers and farm, orkers 
(OR = 1.4, 95% CI 1.0-2.J ). When the analysis was limited i-o those who .ipplied 
pesticides the OR= 1.7, 95% Cl L2-2.6.~-' Assessment of pesticide classes and indi­
vidual pesticides within classes demonstrated risk specificity for organochlorine insec­
ti ides. Ele ated ORs for prostate cancer were found for '·ever being exposed'' to all 
organochlorines, DDT and dicofol and tetradifon. All ORs were statistically signifi­
cant, and were slightly higher for those who reported greater than 15 years of exposure 
compared to ''e er exposed.'' 7

" 

Another case-control study included data on exposure, diet, lifestyle and occu­
pational factors. A positive association was found for exposme to pesticide.s, but the 
95% Cls were wide. This may have been attributable to the small size of the study- 40 
cases - and fewer reporting exposuJ'e to pesticicles."6 Two other case-control studies 
found no association with prostate cancer and pesticide use.37·"" 

Tumors of the Kidney 

A recent review article evaluated renal cancer in adults (primarily renal cell carcinoma) 
following occupational exposure to pest'icides. This review included fow· studies each 
of which observed positive associations between p sticides and renal cancer.8Q,!J0.'>1.'l2 

Other Associations between Human Cancer and Pesticides 

Several different agenL<; usecl as wood preservatives are current ly classified as probable 
carcinogens. Pentachloropheno l PCP) has been clas ified as a B- (probab le human 
carcinogen). Tn humans, it ha!> been associated with soft1issue arcoma and kidney and 
GI tract cru1eers: however, a cau ·al link has not been established.~'1,?3 In animal data 
subm itted to the .S. EP in support ofre-registration of PCP liver tumor , pheochro­
mocytomas and hernangiosarcomas were noted supporting the B2 dassific.ation?" 

Ar enic i well established as a human carcinogen. Studies show that arsenic 
e posure cru1 result in epigenetic dysregulation including ON methylation. histone 

CHAPTER 21 
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modification and microRNA expression. These alteratroos may play a mechanistic role 
in cancer development, but long-term studies ha e not , et confirmed this.95 Primary 
cancers caused by arsenic include tumors of the lung, bladder and skin. On occasion, 
the hyperkeratotic papules described above have undergone malignant transforma­
tion. Years after e; posure, dermato log ic findings include quamous ce ll and ba al cell 
carcinoma, often in sun-protected areas Y" 

A recent review ofl ung cancer and arsenic evaluated nine cross-sectional studies 
six cohort studies and two case-conn·ol studies. Despite the limitations of some of 
the study designs, the risk ratios and standardized mortality rati o were consistently 
high on nearly all of the studies. The evidence was most consistent al high exposure 
leve ls. The e idence was weak or lacki ng for develop ing cancer from expo ure to 
lower levels of ar en ic vja contaminated drinking water (<I 00 µg/L). ,)7 

ENVIRONMENTAL ENDOCRINE DISRUPTOR EFFECTS 
Over the last 15 :years there has been increasing interest in the ability of environ­
mental c]1emicals to disrupt endocrine systems. Many pesticides. pesticide veh icles 
and contaminants have endocrine-disrupting properties based on in vitro and animal 
studies. Whi le data on human effects remain somewhat fragmenta1y and inconclusi e .. 
Lhe weight of evidence from multiple lines of investigation appears to support the 
concern for human effects. These effects a.re discussed briefly beJm; ;ilong with the 
literature that supports these assertions. 

The cellular biology of endocrine disruption is very complex and has been exten­
sive! revtewed. While the detail s are beyond the scope ofrhis manual, the reader is 
directed to one of several rev iews for more specific information.9

~·"'·
10

~ s a group, 
exogenous <1gents including pesticides that affect the endocrine system have been 
labeled endocrine disruptive chemica ls (EDCs). Several basic mechanisms have been 
identified , includi ng d irect interaction with nuclear receptors (NR). disturbance ofN R 
signaling and changes in hormone availabi lity. In vitro evidence of the latter exists for 
several pesticides, by alteration of P450 enz me activity that influences the avai labi li ty 
of steroid hormones either by in reasing or decreasing the rates of metabolism. For 
instance, methoxychlor has bee11 shown to interfere with 5'deiodinase i11 the li ver. 1111 

Animal Toxicology 
Animal tudie conducted in the laboratory suggest that otne pesticides may di i-upt 
the endocrine ystems ofa variety of anima ls. Vinclozo lin a fungicide with low acute 
to icity. has been shown to be strong antiandrogen in rats when exposure occurs 
in utero.11tl. Expo ure of female rats to DDT has been shown to lefld to precocious 
pubel'Ly.1113 Lindane has been shown to affect adrena l s cero id synthesis. 1 1 There is 
considerable ev idence that a variety of chemicals including some pesticides, affect 
thyroid function in an imals .1os tO£, 

Further support for effects comes from observations in wildlife, These studies 
represent the most robust evidence base for various endocrine effects from many 
different pesticide c lasses. Onl_ a few examples are mentioned because of space 
constraints. A strong antia11drogen eftect was shown in alligators in a lal ·e in Florida in 
response to heavy contamination with pesticides including dicofol. DDT and DDE. 101-10R 

Uke--.vise a relatively slTong association has been showu between the biocide tribu­
ty ltin (TBT) and pseudohermaphroditism in 150 species of snai ls. ID'I Marine mammals 
have been noted to have high level. of contamination with a variety of chemicals 
inclltding pesticides such as DDT, DDE, mirex, dieldrin and ch lordane metabolites. 110 

These contaminants h:we been potentially linked to reproducti ve fai lure and other 
effects due i-o their endocrine action. For example. PCBs in seals and polar bears have 
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